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INTRODUCTION 


It  is  the  function  of  air  defense  to  frustrate  all  enemy  aerial 
attacks.  The  origin  and  development  of  air  defense  Is  associated  with 
the  growth  and  development  of  air  forces  and  other  means  of  aerial 
combat.  As  ear],y  as  the  first  World  War  the  combat  operations  of  the 
naval  air  forces  led  to  the  establishment  of  special  naval  anti¬ 
aircraft  forces  and  facilities,  and  it  also  became  necessary  to  imple¬ 
ment  measures  to  combat  enemy  air  forces.  Pursuit  aircraft  and  anti¬ 
aircraft  artillery  made  up  the  most  Important  means  of  counteracting 
the  enemy  air  force. 

Initially,  air-force  operations  against  ships  at  sea  and  in  port 
were  one-time  affairs  and  exerted  little  Influence  on  the  ov;tcome  of 
naval  battles.  Air  defense  was  given  the  task  of  thwarting  enemy  air 
strikes.  It  was  only  with  the  extensive  resort  to  air  forces  in  the 
second  World  War  and  during  the  "Great  Fatherland  War"  that  a  radical 
change  took  place  in  the  nature  of  naval  combat  operations.  Ships  had 
to  maintain  continuous  guard  against  surprise  aerial  attacks. 

While  during  the  first  World  War  approximately  2.5  percent  of  the 
total  number  of  ships  sent  to  the  bottom  could  be  attributed  to  air 
forces,  the  corresponding  figure  for  the  second  World  War  Increased  to 
42  percent.  Moreover,  this  percentage  Includes  only  such  major  naval 
units  as  battleships,  aircraft  carriers,  cruisers,  and  destroyers.  At 
the  present  time  the  air  forces  take  on  ever-increasing  significance, 
The  use  of  rockets,  nuclear  weapons,  and  Jet  aircraft,  capable  of  op¬ 
erations  at  great  altitudes.  Imposed  greater  requirements  on  naval  air 
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combat  operations  at  sea. 

In  the  period  between  the  first  and  the  second  V/orld  V/ars  the 
power  developed  by  engines  Increased  by  a  factor  of  3.L>,  and  flight 
speeds  Increased  by  a  factor  of  almost  2,5.  During  this  period  bombers 
increased  their  range  by  a  factor  of  5,  bomb  loads  and  ceilings  dovbled. 
and  the  total  number  of  aircraft  more  than  doubled. 

Prior  to  and  during  the  second  V/orld  V/ar  naval  air  forces  grev; 
into  a  major  branch  of  naval  forces.  The  naval  air  forces  today  repre¬ 
sent  a  significant  striking  force  and  exhibit  great  maneuverability; 
by  no  means  can  they  be  considered  only  capable  of  operating  in  con¬ 
junction  Vi'ith  other  branches  of  the  navy,  but  rather  are  capable  of 
executing  independent  effective  strikes  against  surface  vessels trans¬ 
port,  submarines,  and  coastal  targets. 

An  increasing  number  of  aircraft  types  asstimed  permanent  positions 
1.1  naval  weaponry;  these  types  Included  bombers,  pursuit  aircraft, 
fighter -bombers,  reconnaissance  aircraft,  torpedo  planes,  and  special 
aircraft. 

Torpedo  planes  have  the  function  of  destroying  enemy  ships  and 
transport  vessels  with  bombs  or  torpedoes.  The  special  aircraft,  among 
others,  have  the  fiuictlon  of  carrying  out  submarine  patrols.  It  is 
their  function,  Independently  or  In  conjunction  with  other  forces,  to 
seek  out  enemy  submarines,  to  engage  these,  and  to  destroy  these  sub¬ 
marines  with  anti-submarine  weapons. 

Air-force  tactics  against  naval  targets  were  developed  prior  to 
the  second  World  War,  and  these  were  subsequently  employed  during  the 
period  of  the  v;ar.  The  resulting  tactic  of  bomb  and  torpedo  strikes, 
as  well  as  placement  of  mines,  is  still  of  significance  today. 

Airplanes  are  capable  of  carrying  out  aerial  strikes  in  horizontal 
flight  or  by  diving  (Fig.  1).  In  horizontal  flight  bombs  ai’c  released 
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Fig.  1.  Varloua  aerial  tactics 
against  ships.  1)  Flight  heading 
(bomber) j  2)  flight  heading  (Stuka); 

3)  dive  angle;  4)  deck-masc  release; 

5)  fighter-bomber. 

against  single  moving  ships  as  well  as  against  groups  of  vessels.  As  a 
result, airplanes  can  operate  from  various  altitudes  and  directions, 
either  individually  or  in  groups,  at  times  of  their  ov;n  choosing  and 
under  any  weather  conditions.  The  targets  may  be  detected  by  visual- 
optical  means,  or  electronically.  Air  strikes  under  difficult  condi¬ 
tions  thus  became  possible  because  of  the  development  of  special  radio 
bombslghts.  On  the  negative  side  of  bombing  from  horizontal  flight  we 
have  the  relatively  long  time  required  for  sighting  and  the  low  accu- 
racy,  particularly  in  the  case  of  bombing  from  high  altitudes.  Depend¬ 
ing  on  the  flight  altitude,  if  possible  an  aircraft  attacks  a  ship 
cross  beam  or  from  behind. 

Dive  bombing,  considerably  more  accurate  than  the  release  of 
bombs  from  horizontal  flight,  is  employed  primarily  against  small  tar¬ 
gets.  As  a  rule,  aircraft  in  this  case  attack  from  medium  and  low  al¬ 
titudes  at  a  dive  angle  of  to  80°,  The  pulling  out  of  the  dive  de¬ 
pends  on  the  altitude  from  which  the  dive  is  started.  This  method  of 
releasing  bombs  gained  widespread  acceptance  during  the  course  of  the 
second  World  War. 

A  special  form  of  horizontal  bomb  release  Is  the  low-level  flight 
release  to  damage  the  sides  of  a  ship,  or  below  the  water  line,  by  con- 
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Gusslon  or  direct  hit.  This  type  of  release  '.ay  also  be  known  as  the 
deck-mast  release.  This  latter  designation  refers  to  the  flight  tactics 
involved,  since  the  aircraft  is  flying  toivard  the  target  at  mast  level 
and  releases  its  bombs  at  maximum  speed  in  horizontal  flight  (Fig.  1). 
This  approach  is  simple  in  application,  ensures  high  accuracy,  and  may 
be  practiced  by  a  great  variety  of  aircraft.  It  Is  for  this  reason 
that  this  method  was  frequently  employed  during  the  course  of  the  sec¬ 
ond  World  War. 

Fighter  -bombers  were  usually  sent  in  ahead  of  the  main  forces 
(bombers  and  torpedo  planes)  in  order  to  reduce  the  firepower  of  the 
[enemy]  ships  with  their  on-board  weapons  and  bombs  (Fig.  1).  Moreover, 
fighter -bomber  aircraft  were  frequently  employed  Independently  for  pur¬ 
poses  of  destroying  small  ships  and  landing  craft.  These  aircraft  at¬ 
tacked  these  targets  at  high  speed  and  from  low  altitudes  (not  above 
7C0  meters).  As  a  rule,  these  attacks  surprised  the  ships. 


Tcrft^oi^vrftutgroiirMi'he 
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Fig.  2.  Torpedo  release.  1)  Torpedo 
release  from  great  height;  2)  tor¬ 
pedo  release  from  low  height;  3)  at¬ 
tack  flight  heading. 


Torpedo  planes  (Fig.  :-’)  are  used  primarily  against  larger  ships 
and  transport  vessels.  Depending  on  the  situation  and  the  design  of 
the  torpedo,  the  torpedoes  may  be  released  from  both  low  and  high  alti¬ 
tudes.  In  the  case  of  low-level  flight  a  torpedo  Is  released  somewhere 
betv/een  50  and  300  meters.  In  the  case  of  higher  altitudes,  the  torpedo 
is  not  released  below  2000  meters.  Torpedoes  are  equipped  with  special 
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stabilizer  fins  to  reduce  speed  upon  entry  into  the  water.  There  Is 
some  advantage  to  be  gained  by  having  torpedo  planes  attack  simultane¬ 
ously  from  high  and  low  altitudes.  In  this  case,  the  hlgh-altltude 
torpedo  planes  draw  the  fire  of  the  enemy  ships  so  as  to  set  up  the 
successful  attack  of  the  low-flying  torpedo  planes  which  are  approach¬ 
ing  the  target  in  low-level  flight.  Moreover,  torpedo  planes  can  be 
employed  to  lay  mines  in  order  to  blockade  enemy  ships  in  their  bases 
and  to  disrupt  naval  communications. 

Submarine  patrol  planes  are  part  of  the  submarine -defense  forces. 
They  are  more  maneuverable  and  can  find  and  destroy  enemy  submarine'^ 
quickly.  In  a  relatively  large  area  of  open  sea.  Surfaced  submarines 
are  spotted  electronically  or  visually  and  then  destroyed  v;lth  anti¬ 
submarine  weapons  (bomba,  torpedoes,  rockets). 

Hydroacoustic  buoys  and  Instruments  are  used  to  disclose  the  pres 
ence  of  enemy  submarines  at  great  depths  beneath  the  surface  of  the 
sea.  The  hydroacoustic  buoys  [so.nobuoys]  are  equipped  with  sound  pick¬ 
ups  and  a  transmitter.  These  devices  are  dropped  from  aircraft  at  such 
points  at  which  the  presence  of  submarines  is  suspected. 

Submarine -produced  sounds  are  picked  up  by  the  buoy  receivers  and 
corresponding  signals  are  sent  by  means  of  the  transmitter  to  the  air¬ 
craft.  Upon  receipt  of  such  signals  the  aircraft  drops  additional  buoyc 
in  order  to  determine  the  exact  position  of  the  submarine. 

The  most  effect  tactical  deployment  of  aircraft  against  ships, 
in  the  opinion  of  specialists  from  the  capitalise  world,  is  a  massive 
strike  from  various  directions  by  aircraft  of  various  types.  Massive 
strikes  may  be  carried  out  in  groups  of  two,  three,  and  more  aircraft. 
The  aircraft  approach  the  target  along  a  straight  heading  and  then  exe¬ 
cute  evasive  maneuvers.  The  attack  begins  at  the  Instant  that  the  at¬ 
tack  flight-heading  is  asstuned  and  is  ended  with  the  release  of  the 
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bombs,  torpedoes,  etc.  At  this  point  the  aircraft  withdraw.  As  a  rule, 
this  withdrawal  takes  place  at  maximum  speed.  The  attack  flight-heading 
Is  necessary  to  provide  the  appropriate  Initial  data  for  the  bomb  or 
torpedo  attack.  Because  of  technical  advances  in  aircraft  equipment  it 
is  today  no  longer  absolutely  necessary  for  velocity  and  heading  to  be 
maintained  rigorously  along  the  attack  heading.. 

The  development  of  reaction-thrust  powerplants  led  to  a  signifi¬ 
cant  rise  in  velocity,  altitude,  range,  and  aircraft  payload. 

During  the  course  of  the  second  World  War  fighter  aircraft  were 
capable  of  speeds  of  65O  km/hr;  today  speeds  of  2000  km/hr  can  be  at¬ 
tained.  The  ceiling  has  been  raised  from  12,000  to  20,000  meters  and 
range  has  been  Increased  from  1000  km  to  4000  km. 

The  range  of  a  medlimi  bomber  has  been  Increased  from  2500  km  to  In 
excess  cf  8000  km  and  flight  speeds  have  Increased  i>om  500  to  1500 
km/hr.  The  bombload  has  been  raised  from  4000  kg  to  more  than  8000  kg, 
and  the  celling  has  been  raised  to  a  peak  of  18,000  meters. 

The  greater  speed,  greater  altitude,  and  Improved  range,  as  well 
as  the  new  mass -destruction  capabilities  of  aircraft,  require  the  co.  • 
tlnuous  Improvement  In  methods  Involving  the  utilization  of  air  forces. 

The  utilization  of  guided  missiles  at  great  altitudes  and  over 
greater  distances  Is  constantly  on  the  rise.  Because  of  the  changeover 
to  guided  missiles,  the  number  of  bombers  participating  in  an  attack 
can  be  reduced  and  the  use  of  nuclear  weapons  Increases  the  effect. 

The  nuclear  tests  conducted  at  the  Bikini  Atoll  by  the  USA  demon¬ 
strated  that  ships  of  all  classes  suffer  serious  damage  or  are  sunk  at 
a  distance  of  800  to  1000  meters  from  the  epicenter  of  an  explosion  in 
the  air.  The  nuclear  v/eapon  exploded  at  that  time  had  a  TNT  equivalent 
of  20  kilo tons. 

Let  us  present  a  number  of  brief  conjiionts  rogardihg  the  use  of 
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Fig.  3*  Possible  rocket  applications 
against  naval  targets.  1)  ''Surface- 
to-siirface";  2)  "air-to-surface” ;  3) 
"submar lne-to-3\irf ace";  4)  "coast¬ 
line -to-svir  face.  " 


rockets  against  naval  targets.  At  the  present  time  rockets  have  at¬ 
tained  such  a  high  degree  of  development  that  under  present  conditions 
they  represent  an  extremely  dangerous  force  against  ships.  Prom  the 
tactical  standpoint  rockets  against  naval  targets  are  divided  into  the 
following  classes;  "surface-to-surface,"  "alr-to-surface, "  "coastline- 
to-surface,"  and  "submarlne-to-surface"  (Pig.  3). 

All  of  these  rockets  are  Intended  for  the  destruction  of  naval 
targets  and  are  launched  from  surface  vessels,  aircraft,  submarines, 
or  ground  positions.  Military  specialists  from  the  capitalist  coun¬ 
tries  are  of  the  opinion  that  the  combat  utilization  of  rockets  at  th^ 
present  time  has  not  yet  been  worked  out  with  sufficient  thoroughness. 
Nevertheless,  It  may  safely  be  stated  th.at  rocket -equipped  surface 
vessels  will  be  able  to  carry  out  the  same  missions  as  the  heavy  ar¬ 
tillery  and  aircraft  carriers.  The  military  forces  of  the  USA  have  not 
only  equipped  aircraft  with  rockets,  but  have  also  provided  helicopters 
with  special  rockets  for  anti-submarine  warfare. 

The  range  of  modern  rockets  Is  very  great.  It  may  amount  to  sev¬ 
eral  hundred  kilometers,  and  even  several  thousand  kilometers.  Thus 
the  range  of  artillery  and  torpedoes  Is  greatly  exceeded.  Moreover, 
rockets  exhibit  a  relatively  high  accuracy.  As  demonstrated  statlstlc- 
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ally,  the  probability  of  a  hit  against  heavy  surface  vessels  during 
the  first  World  War  for  heavy-callber  artillery  amounted  to  some  3  per¬ 
cent,  approximately  11  percent  for  torpedoes,  and  1  percent  for  aerial 
bombs.  In  the  second  World  War  the  probability  of  an  artillery  hit 
came  to  4  percent,  15  percent  for  torpedoes,  and  7  percent  for  aerial 
bombs.  The  probability  of  a  rocket  hit  Is  significantly  higher  than 
the  above-mentioned  weapons.  According  to  foreign  experimental  data, 
the  hit  probability  for  rockets  is  at  least  46  percent.  This  high  ac¬ 
curacy  Is  achieved  through  the  control  and  guidance  equipment  installed 
in  rockets.  The  aerial  combat  operations  against  ships  considered  to 
this  point  show  that  It  Is  the  primary  function  of  naval  air  defense 
to  destroy  approaching  rockets  and  enemy  aircraft  that  have  penetrated 
the  air  defense  system,  and  to  prevent  these  from  assuming  their  opera¬ 
tional  flight  headings  and  releasing  of  their  destructive  force. 

Despite  the  shortcomings  characteristic  of  conventional  artillery, 
all  classes  of  ships  presently  still  employ  this  form  of  v;eapon,  par¬ 
ticularly  in  the  case  of  small  vehicles  on  which  It  Is  Impossible  to 
mount  anti-aircraft  rockets,  because  these  are  heavy  and  take  up  con¬ 
siderable  space.  Aboard  small  ships  automatic  weapons  renaln  the  pri¬ 
mary  means  of  self-defense  against  aerial  attacks. 

MODERN  ANTI-AIRCRAFT  FACILITIES  ABOARD  WARSHIPS 
Anti-Aircraft  Artillery 

Modern  warships  are  fitted  out  with  a  so-called  weapons -system 
for  operations  against  aerial  targets.  The  weapons  system  Includes  the 
actual  weapons,  the  corresponding  amruunltlon,  and  the  fire-control 
equipment.  A  weapons  system  of  this  type  can  provide  for  the  direction 
of  fire  against  air,  naval,  and  coastal  targets.  The  primary  function 
of  this  system  Is  the  timely  detection  of  enemy  aircraft  and  unmanned 
air  weapons,  the  determination  of  their  heading  and  approach  elements, 
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and  finally  to  repulse  the  attack  through  fire  of  the  weapons. 

Anti-aircraft  artillery  Is  subdivided  Into 

•  light  anti-aircraft  artillery 

•  medium  anti-aircraft  artillery  and 

•  anti-aircraft  rockets. 

The  light  anti-aircraft  artillery  generally  Includes  the  caliber 
range  from  20  to  76  mm.  The  medium  anti-aircraft  artillery  encompasses 
calibers  from  85  to  100  mm.  The  anti-aircraft  rockets  are  not  classi¬ 
fied  according  to  caliber. 

Depending  on  range,  the  light  anti-aircraft  artillery  Is  used  for 
operations  against  aerial  targets  at  low  and  medium  altitudes  (below 
6  km) j  the  medium  anti-aircraft  artillery,  on  the  other  hand,  can  be 
employed  to  direct  fire  against  aerial  targets  at  medium  and  great  al¬ 
titudes  (up  to  km).  Anti-aircraft  missiles  may  be  employed  against 
aerial  targets  at  medium  and  high  altitudes  as  well  as  against  cargets 
flying  above  15  km.  Light  anti-aircraft  artillery  can  be  found  aboard 
all  warships,  whereas  the  medium  anti-aircraft  artillery  is  primarily 
encountered  aboard  large  warships.  Anti-aircraft  rockets  are  to  be 
found  primarily  aboard  vessels  at  least  the  size  f  frigates. 

Weapons  with  a  caliber  of  less  than  20  mm  are  as  a  rule  regarded 
as  machine  guns.  These  are  best  employed  aboard  small  boats. 

Modern  artillery  weapons  are  generally  linked  with  fire-direction 
equipment  capable  of  ensuring  effective  fire.  The  following  Instrument 
groups  are  Included  among  the  fire-control  equipment: 

Target  Detection  and  Aiming  Equipment 

This  equipment  is  used  for  target  detection  and  the  approximate 
de  term  it,  at  ion  of  target  coordinates  (range,  bearing,  elevation).  This 
equipment  grouping  Includes  radar  stations  and  optical  Instruments 
(rangefinders,  target  indicators). 
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Equipment  for  Observation  and  Determination  of  Current  Coordinates 

At  any  given  Instant  of  time* coordinates  provide  the  position  of 
a  target  with  reference  to  a  given  combat  station.  This  group  of  Instru¬ 
ments  Is  housed  In  the  so-called  stabilized  fire-control  points  (PLS 
[Peuerleitstand]) .  With  this  equipment  targets  are  continuously  kept 
under  observation,  target  coordinates  are  continuously  determined,  and 
all  Information  Is  supplied  to  the  computers.  The  latter  are  housed  in 
the  computer  center  of  the  ship  and  are  assigned  the  task  of  providing 
fire-control  settings. 

Fire -Control  Computers 

The  function  of  this  equipment  group  Is  to  determine  weapon  set¬ 
tings  and  to  calculate  fuse  settings.  The  basic  units  of  this  group  are 
the  computer  (Reg  [Rechengerilt ])  and  the  coordinate  converter  (KU 
(Koordlnatenumwandler ])  which  receives  the  bearings  from  the  computer 
without  consideration  of  the  roll  and  pitch  angles  and  whose  function 
It  Is  to  determine  the  total  angles  for  purposes  of  vertical  and  hori¬ 
zontal  aiming  (also  known  as  elevation  and  directional  settings).  In 
other  words,  the  coordinate  converter  destabilizes  the  computer- 
determined  values  for  nonstablllzed  weapons,  thus  taking  into  account 
the  phenomena  brought  about  by  the  motion  of  the  sea. 

Fire-Control  Equipment 

This  equipment  Is  omuieoted  directly  to  the  weapons.  It  includes 
the  sensing  elements  for  total  vertical  and  horizontal  sighting  angles 
and  In  the  case  of  stabilized  weapons  the  pickup  for  the  settings  of 
the  trunnion  axis.  In  addition,  this  group  Includes  the  plcki;.p  for  the 
fuse -set ting  time. 

Signaling  Instruments  and  Firing-Complex  Equipment 

This  equipment  Is  employed  to  monitor  the  weapons,  to  determine 
whether  they  are  ready  to  fire,  and  capable  of  firing  salvos. 
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ANTI-AIRCRAFT  WEAPONS 

General-purpose  weapons  exhibit  a  number  of  features  relative  to 
shipboard  weapons  which  can  be  employed  only  against  naval  and  coastal 
tartiOLs. 

The  use  of  heavy  weapons  against  aerial  targets  requires  signifi¬ 
cant  firing  arcs  and  barrel  elevation.  The  vertical  and  horizontal  aim¬ 
ing  speeds  with  such  general-purpose  weapons  must  be  high  (10  to  30 
degrees  per  second),  and  this  also  applies  to  the  fact  that  the  rate- 
of-fire  must  be  fast.  Medium-caliber  weapons  attain  a  rate-of-fire  of 
15  to  20  rounds  per  minute.  Light-caliber  weapons  are  today  in  a  posi¬ 
tion  to  get  off  several  hundred  rounds  per  minute. 

The  design  of  the  anti-aircraft  weapons  must  satisfy  these  condi 
tlons  and  be  capable  of  meeting  the  Imposed  requirements;  for  this 
reason,  the  specific  features  of  Installation  and  utilization  under 
shipboard  conditions  must  be  taken  into  consideration. 

On  the  basis  of  general  design  features,  anti-aircraft  weapons 
Intended  for  use  aboard  ships  are  divided  Into  turret,  deck- turret  and 
deck  weapons. 

These  weapons  may  be  mounted  aboard  ships  in  stabilized  or  non- 
stablllzed  form. 

In  the  case  of  turret  weapons  (Pig.  4)  all  Instruments,  attendant 
personnel,  and  ammunition  conveyor  systems  are  protected  against  shells 
and  shrapnel  by  means  of  armor.  The  armoring  Is  generally  up  to  I5  mm 
thick.  The  rotating  portion  of  the  turret  mount  consists  of  the  plat¬ 
form  carrying  the  weapon,  the  aiming  mechanisms,  the  loading  equipment, 
a  portion  of  the  fire-control  equipment,  and  the  gun  crew;  in  addition, 
there  la  a  lower  platform  on  which  are  mounted  all  auxiliary  units,  the 
"ready”  ammunition,  and  the  pickup  point  at  which  the  conveyor  system 
from  the  magazine  terminates. 
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Pig.  4.  Triple  ijjrri't'  v/eapons  f the 
two  forward  guo  r;.ourits )  and  the 
double  deck  ‘.urrc-t  vjeapons  (at  the 
back  and  to  the  starboard)  aboard 
the  cruiser  Canberra  of  the  US  Uavy 


Pig.  5*  Triple  turret  vreapons  (forv/ard  and  astern,  2  each) 
and  deck  turret  weapons  (3  double  gun  mounts  on  the  port 
side  visible)  aboard  the  Soviet  cruiser  Shdanow  [Zhdanov]. 


In  the  v;ay  of  explanation  it  should  be  stated  that  "ready"  ammuni¬ 
tion  refers  to  a  small  quantity  of  ammunition  that  Is  intended  for  th'^ 
immediate  opening  of  fire  In  the  event  that  an  unanticipated  target 
appears  and  It  Is  Impossible  to  await  the  supply  of  additional  ammuni¬ 
tion  from  the  magazine. 

One  featiire  of  turret -mounted  v/eapons  is  the  fact  that  the  plat¬ 
form,  the  ammunition  conveyor  system,  and  the  magazine  combine  to  form 
a  single  system.  In  the  majority  of  cases  turret -mounted  v/capons  are 
housed  in  twin  turrets,  these  being  found  primarily  as  part  of  the  ar¬ 
mament  of  surface  vessels  (aircraft  carriers,  cruisers,  and  destroyers). 

In  the  case  of  deck  turret  v/eapons  (Fig.  5)  the  platform  and  the 
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ammunition  conveyor  systems  are  again  protected  by  means  of  armor  plat¬ 
ing  designed  to  withstand  direct  hits,  but  they  are  not  as  completely 
enclosed  as  in  the  case  of  turret -mounted  iveapons.  The  magazine  and 
the  turret  do  not  form  a  closed  system,  and  the  magazine  is  separated 
from  the  turret.  The  deck-turret  weapon  again  consists  of  an  upper  and 
lov/er  platform.  The  upper  platform  is  part  of  the  rotating  portion  of 
the  weapon,  while  the  lower  platform,  on  the  other  hand,  is  fixed  per¬ 
manently  to  the  deck.  The  lower  platform  carries  the  "ready"  ammunitio.' 
the  conveyor  systems  from  the  magazine  terminate  here,  and  it  also  car¬ 
ries  the  supply  line  for  the  movement  of  the  "ready"  ammunition  to  th^. 
upper  platform,  which  is  connected  to  the  rotating  platform.  As  a  rule, 
deck  turret  installatlCiis  axe  stabilized.  The  rear  portion  of  a  deck- 
turret  v/eapon  is  open.  During  the  course  of  firing,  the  shell  casings 
slide  out  of  the  turret  through  this  unprotected  portion.  The  lower 
portion  of  the  deck-turret  v/eapon  is  also  open.  Thus  good  ventilation 
for  the  turret  is  ensured  and  the  bothersome  effect  of  smoke  is  elim¬ 
inated.  As  a  rule,  deck- turret  weapons  are  used  aboard  aircraft  car¬ 
riers,  cruisers,  and  de.gtroyers.  In  most  cases  this  form  of  weapon  Is 
encountered  in  twin  turrets. 

The  deck  turret  weapons  need  not  always  be  connected  to  a  lower 
platform.  In  such  cases,  the  ammunition  is  fed  into  the  turret  directly 
from  the  deck.  Tliese  weapons  are  Included  in  the  category  of  deck 
v/oapons. 

In  the  case  of  deck  weapons  (Fig.  6)  the  magazine  and  ammunition 
conveyor  system  are  completely  separate  from  the  weapon.  The  ammunition 
conveyor  system  from  the  magazine  terminates  in  the  vicinity  of  the 
v;eapon,  above  deck.  The  gun  crew,  a  portion  of  the  fire-control  equip¬ 
ment,  and  the  aiming  mechanisms  are  protected  by  armor  set  up  in  the 
form  of  shields  and  screens  around  the  weapons. 
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Pig.  6.  Deck  v/eapon  aboard  an  MLR 
ship  of  the  People's  Navy  of  the  DDR 
[German  Democratic  Republic]. 


As  a  rule,  medium- caliber  dock  weapons  are  of  the  single  and 
double  gun-mount  variety.  Light-caliber  deck  v;eapons  are  mounted  in 
groups  of  four.  All  surface  vessels  are  equipped  v;ith  deck  weapon.- 
These  v/eapons  are  simple  in  design,  are  easily  serviced,  and  are  not 
very  heavy.  Deck  weapons  can  also  be  stabilized. 

All  of  the  aforementioned  weapon  types  can  be  divided  into  auto¬ 
matic  and  semi-automatic  weapons.  In  the  case  of  automatic  v/eapons, 
the  insertion  of  the  shell,  fli-lng,  and  o.'cction  of  the  casing  proceed 
automat!  jally.  In  the  case  of  soi;d -automatic  weapons,  only  the  breech 
mechanism  is  opened  automatically,  the  casing  thus  being  ejected.  All 
medium-caliber  v/eapons  are  included  in  this  category  of  weapon. 
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The  automatic  action  of  the  weapons  Is  achieved  through  exploita¬ 
tion  of  the  re  oil  energy  that  is  attained  as  a  result  of  the  combus¬ 
tion  of  the  c  iarge,  and  from  the  energy  of  the  recoil  system.  Automatic 
weapons  are  generally  equipped  with  wedge-type  breechblocks  and  are 
operated  with  fixed  ammunition.  This  ammunition  is  fed  in  with  racks. 

In  drioms,  or  In  belts. 

Medium-caliber  anti-aircraft  weapons  are  equipped  exclusively 
with  wedge-type  breechblocks  and  fire  either  fixed  ammunition  or  sepa¬ 
rated  cartridge  ammunition.  In  the  case  of  fixed  ammunition  the  charge 
is  contained  in  the  shell  casing  and  the  shell  is  directly  connected 
to  the  casing.  In  the  case  of  separated  cartridge  ammunition  the  shell 
and  the  casing  are  separated.  In  this  case,  the  shell  is  first  inserted 
into  the  barrel,  and  then  followed  by  the  cartridge  casing  containing 
the  charge.  . .  . . . . .  . . 

In  order  to  take  advantage  of  the  recoil  energy  after  the  dis¬ 
charging  of  the  v/eapon,  weapons  of  all  calibers  are  provided  with  so- 
called  counterrecoil  equipment.  This  may  appear  in  the  form  of  hy¬ 
draulic  recoil  brakes  of  either  the  hydraulic -pneumatic  or  recoil- 
sprlng  variety,  which  serve  the  function  of  returning  the  recoiling 
parts  to  their  initial  positions. 

To  facilitate  the  aiming  of  the  weapon  during  motion  through 
water,  deck-turret  and  some  deck  weapons  have  been  stabilized.  In  the 
case  of  these  stabilized  weapons,  the  aiming  procedure  matches  the 
aiming  requirements  of  the  ground-based  weapons  of  ground  forces.  The 
stabilization  of  these  weapons  Is  achieved  through  the  continuous  main¬ 
tenance  of  the  trunnions  of  the  v/eapons  in  horizontal  position,  while 
the  ground  plate  of  the  weapon  follows  the  motion  of  the  ship.  Stabil¬ 
ization  facilitates  aiming  conditions  and  eliminates  the  effect  of  the 
rolling  and  pitching  of  the  ship.  Stabilized  artillery  weapons  can  be 
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aimed  in  three  planes,  i.e.,  in  the  horizontal  and  vertical  planes,  as 
well  as  In  the  trunnion  plane.  In  the  case  of  nonstab  11 Ized  artillery 
insi^allatlons,  the  aiming  procedure  can  be  carried  out  only  In  two 
planes,  I.e.,  in  the  horizontal  and  the  vertical  planes. 

Modern  anti-aircraft  weapons  can  be  aimed  In  three  distinct  ways: 

•  automatically, 

•  semi -automatically  and 

•  mamiaj-ly. 

Automatic  aiming  is  carried  out  by  means  of  a  remote-controlled 
servomotor.  Thus  extreme  accuracy  and  such  high  aiming  speeds  are  at¬ 
tained  as  are  impossible  with  manual  operation. 

In  the  case  of  semi-automatic  aiming,  the  gun  layers  first  read 
the  transmitted  data  from  the  corresponding  receivers  and  then  complete 
the  slohtlng  with  the  power  drives  provided  for  this  purpose. 

In  manual  operation,  the  ammunition  is  brought  to  the  platform 
motmt  by  means  of  special  conveyor  systems  which  are  driven  either 
electrically,  hydraulically,  or  manually.  It  becomes  evident  that  a 
modern  anti-aircraft  weapon  has  complicated  technical  equipment  at  its 
disposal  and  can  be  serviced  only  by  specially  trained  personnel. 

On  the  following  pages  a  brief  explanation  of  the  technical  con¬ 
struction  of  medlxjm-ca liber  anti-aircraft  weapons  will  be  undertaken, 
and  then  a  number  of  technical  features  of  llght-callber  anti-aircraft 
weapons  will  be  detailed. 

Medium-caliber  anti-aircraft  weapons  consist  primarily  of  a 
cradle,  a  gun  mount,  and  a  base  plate.  The  cradle  with  its  truimiona 
l8  seated  in  the  bearings  provided  for  this  purpose  in  the  gun 

mount.  Since  the  trunnion  axis  of  a  loaded  weapon  passes  through  the 
center  of  gravity  of  the  cradle,  vertical  aiming  Is  possible  without 

a 

great  difficulty. 


-  17  - 


MofitnhcMmoichint 

Pig.  7.  The  cradle  of  a  weapon.  1) 

Ammunition  feed;  2)  trunnion;  3) 
cradle  frame;  4)  loading  tray;  5) 
toothed  segment  of  elevation  mechan¬ 
ism;  6)  recoil  cylinder. 

The  cradle  can  carry  one  or  two  barrels.  The  breech  plate  which 
carries  the  breech  and  semi-automatic  mechanisms  Is  generally  screwed 
onto  the  barrel  Jacket.  Moreover,  the  piston  rods  of  the  counterrecof ’ 
devices  are  contained  In  the  breech  plate. 

The  counterrecoil  devices  are  housed  In  the  cradle.  In  addition, 
the  loading  tray  is  attached  to  the  cradle. 

In  the  case  of  nonstablllzed  weapons,  the  gun  mount  and  the  bar-' 
rel  carriage  are  part  of  the  swivel  mount.  In  the  case  of  stabilized 
weapons,  the  movable  base  of  the  weapon  and  the  carriage  are  part  of 
the  swivel  section.  The  gun  mount  rests  on  the  bearings  of  the  pivot 
ring.  The  roller  bearing  of  the  vertical  pivot  Journal  restricts  the 
horizontal  movement  of  the  pivot  ring.  On  the  one  hand,  the  gun  mount 
provides  the  weapon  with  the  ability  to  fire  In  all  dlreoMons,  and  on 
the  other  hand,  It  provides  the  connection  between  the  cradle  and  the 
elevation  mechanism.  The  mounting  supports  of  the  gun  mount  ensure  the 
connection  of  the  weapon  to  the  pivot  ring  during  firing  while  at  sea 
and  moreover  they  protect  the  weapon  against  tipping  over. 

Power  Is  supplied  to  the  instriiments  through  the  appropriate 
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Pig.  8.  Gun  mount  of  a  weapon.  1) 
Bearing  box;  2)  trunnion  bearing;  3) 
cradle  support;  4)  gun-layer  seat; 

5)  platform. 


Pig.  9.  Pivot  ring  of  a  weapon,  l) 
Upper  ball-bearing  race;  2)  support; 
3;  roller  bearing;  4)  gear  rim;  5) 
lower  ball-bearing  race. 


leads.  The  motor  and  the  equipment  on  the  swivel  portion  are  fed  by 
means  of  a  sliding  contact. 

The  platform  for  the  weapon  personnel  is  attached  to  the  gun 
mount  (Fig.  8),  and  the  aiming  mechanisms,  the  sights,  and  the  protec¬ 
tive  shields  are  also  fastened  to  the  moimt.  Moreover,  the  gun  mount 
carries  the  cradle  frame  with  the  trunnion  bearings.  In  the  case  of 
stabilized  weapons,  the  stabilization  axle  is  housed  In  the  upper  por¬ 
tion  of  the  fixed  weapon  base  In  order  to  permit  the  stabilization  por 
tlon  of  the  weapon  to  move.  The  platform  for  the  personnel  and  the  pro 
tecti  re  shield  or  armor  that  Is  attached  to  the  gun  mount  is  known  as 
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the  platform  deck.  The  pivot  ring  (Fig.  9)  serves  as  a  step  bearing 
for  the  gun  mount  and  is  rigidly  connected  to  the  body  of  the  ship. 

The  ball  bearings  of  the  pivot  ring,  together  with  the  lower  ball¬ 
bearing  race,  carry  the  weight  of  the  weapon  and  the  increasing  ver¬ 
tical  forces  of  th*  swiveling  parts  of  the  weapon.  The  roller  bearing 
of  the  pivot  Journal,  on  the  other  hand,  absorbs  the  horizontal  forces. 

The  pivot  ring  is  provide  -th  a  gear  ring  which  meshes  with  the  spvir 
* 

gear  of  the  horizontal  aiming  mechanism,  thus  ensuring  the  horizontal 
aiming  of  the  weapon. 

We  will  subsequently  become  familiar  with  the  major  parts  of  the 
cradle  and  the  gun  mount.  At  the  moment,  we  will  deal  with  the  barrel 
of  the  weapon  (Pig.  IC).  The  desired  direction  of  motion  is  Imparted 
:o  the  shell  in  tiie  barrel  and  it  is  here  that-  the  shell  also  attains 
;he  required  initial  velocity  and  rotational  motion.  Ihe  bore  is  sub- 
ilvlded  into  the  shell  chamber,  the  forcing  cone,  and  the  rifled  por¬ 
tion.  The  breech  plate  is  screwed  onto  the  rear  part  of  the  barrel. 

The  forward  end  of  the  barrel  is  kriown  as  the  muzzle.  The  barrel  it¬ 
self  tapers  fro.ni  the  breech  plate  to  the  .muzzle.  A  pressure  in  excess 
of  3500  kg/em  and  hlgli  temperatures  up  to  3000‘'c  rosy  develop  as  the 
'un  is  fired,  as  a  result  of  the  combustion  of  the  charge.  The  forces 
of  the  gases  produced  by  the  detonation  of  the  ct’isrge  act  against  the 
case  of  the  shell  and  press  the  rotating  bands  of  the  sl..xl  into  the 
grooves  [rifling]  of  the  tarrel  (raised  bands  batwean  which  the  lands 
ire  found)  thus  Imparting  continuous  rotational  motion  to  the  shell. 

The  rotational  motion  la  a  result  of  the  fact  that  the  grooves  [rif¬ 
ling]  corresponding  to  a  helical  line  wJth  a  pitch  of  25  to  30  calibers 
the  distance  between  grooves)  are  cut  in’-o  the  walla  of  the  barrel 
bore.  With  a  barrel  length  of  33  to  70  caliber,  the  shell  executes  a 
2-  to  2.3-fold  rotational  motion,  since  the  shell  moves  only  for  sav- 
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era  1  thousandths  of  a  second  through  the  barrel.  It  exhibits  several 
thousand  revolutions  per  minute  as  It  exits  from  the  barrel.  This  high 
number  of  revolutions  Imparts  the  required  stability  during  flight  to 
the  shell  and  promotes  a  significant  rise  In  firing  accuracy.  As  It 
leaves  the  barrel  the  shell  exhibits  a  velocity  In  excess  of  ICOC 
meters  per  second,  and  this  velocity  Is  knov;n  as  the  muzzle  velocity, 
denoted  by  Vq. 
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Fig.  10.  Gun  barrel  with  self-sup¬ 
porting  liner.  1)  Barrel  Jacket i  2) 
aelf-auDDortlng  liner}  3)  breech- 
plate}  4;  shell  chamber}  5)  forcing 
cone;  6)  rifled  section}  7)  land}  o) 
groove. 

At  the  present  time*  In  the  majority  of  oaaes*  anti-aircraft 
weapons  are  fitted  out  with  mon^loo  gun  barrels  or  barrels  with  a  so- 
called  free  liner* 


Monobloc  gun  barrelii  are  of  alngleHpi*oe  construction  and  repre¬ 
sent  nothing  but  a  simple  barrel  with  varying  wall  thickness.  Barrels 
with  free  liners  (Pig.  10)  oonaift  in  the  barrel  Jacket  and  a  thJn- 
v/alled  (free)  liner  that  Is  seated  inside  the  barrel  Jacket.  The  Jacket 
encases  more  than  half  of  the  liner  and  provides  the  inquired  rigidity 
for  the  latter. 

Modern  barrels  are  fabricated  of  alloyed  steels  v/hi -h  e>chibit  out¬ 


standing  properties,  thus  providing  the  required  streng' c  and  ensuring 
great  service  life. 

In  order  to  take  better  advantage  of  the  ballistic  properties  of 
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Pig.  11.  Breech  and  breech  mechanism.  1)  Breech  arm;  2)  v;edge-type 
breechblock;  3)  manual  firing  lever;  4)  breech;  fj)  barrel;  o)  manua'l 
firing  level;  7)  striker;  c)  firing  pin;  9)  firlng-pln  spring;  1C) 
firing  rod;  11)  sear  nose;  12)  connecting  lever;  13)  lever  of  breeoh- 
ncchanism  crank;  1^)  semi-automatic  sliding -wedge  breech  mecharilsm. 

artillery  weapons  during  firing  and  In  order  to  raise  the  service  I'  *'" 
of  a  barrel,  the  gun  barrels  are  cooled  with  seav/ater  if  they  have  oe - 
come  overheated  as  a  result  of  firing.  The  cooling  Is  accomplished  with 
a  cooling  hose.  One  end  of  the  hose  Is  connected  to  the  flre-extln- 
gulshlng  connection,  the  other  end  of  the  hose  being  led  Into  the 
r;Mell  chamber.  A  cooling  process  Itstlng  from  1.5  to  2  minutes  is  ade¬ 
quate  to  cool  the  sides  of  the  borrel  and  again  to  undertake  firing  of 
the  weapon  at  the  maxlmun  rate  of  fire. 

The  rear  portion  of  ttie  gun  baml  la  threaded  to  pezmiit  the 
screwing  on  of  the  breoetiplite  (Fi^*  10  and  11).  This  Includes  the 
breech  meohanian.  Wareover,  t’.ie  breoeh  also  oontalna  the  shell-casing 
ejectors,  release  neoiitniaM,  and  smIqi  dlsoharge  units. 

Th,  l>rwQh  to  tlw  of  ■ntl^lreraft  inwpon,  l»  in 

the  shape  of  a  wedae  which  at  the  Instant  of  firing  effects  tight  clos¬ 
ure  of  the  shell  chamber.  Oependlng  on  the  direction  of  their  nwtlon 
in  the  breech,  the  wedge-type  breechblocks  are  subdivided  Into  horl- 
riontai  ana  vertical  categories.  The  frontal  area  of  the  wedge-type 
breechblock  runs  perpendicular  to  the  barrel  axis,  whereas  the  rear 
area  of  the  wedge-typi'  breechblock  does  not  rtui  parallel  to  the  frontal 
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ai-'u,  bul  rather  at  a  a:nall  an^le  to  the  latter.  It  Tg  for  thin  roaaon 
that  we  speak  of  a  wedce.  If  tlie  v/edce-type  breechblock  In  t^le  breech 
Is  shifted  In  the  direction  of  fire,  then  the  rear  area  of  the  breech¬ 
block  presses  aealnst  the  base  of  the  breech  and  thus  closes  the  shell 
chamber. 

As  the  wedge-type  breechblock  in  opened,  the  frontal  area  of  the 
v;pdge  moves  avray  from  the  barrel  v/alls.  On  the  one  hand,  such  a  breech 
mechanism  ensures  the  desired  shell  feed  and  on  the  other  hand  elimi¬ 
nates  almost  completely  the  frictional  forces  betv/een  the  base  of  the 
shell  casing  and  the  frontal  area  of  the  vredge  breechblock  on  openln'i. 
V/edge-type  breechblocks  are  advantageously  serviced  and  make  It  pos¬ 
sible  to  automate  the  shell  feed. 

On  firing,  the  shell  casing  Is  pressed  by  the  exhaust  gas  aga'nst 
the  walls  of  the  [shell J  chamber  and  the  base  of  the  casing  is  pressed 
against  the  wedge  breechblock.  Hie  gases,  thus,  cannot  pass  betv/een 
the  walls  of  the  casing  and  the  chamber  In  the  direction  of  the  breech 
mechanism. 

The  discharge  gaaaa  assart  actual  pressure  In  all  directions.  The 
radial  pressure  la  axartad  against  the  chamber  walls,  the  longitudinal 
pressure  is  exerted  on  the  on#  hand  against  the  wedge  breechblock,  and 
on  the  other  hand,  agalnat  the  base  of  the  shell.  The  discharge  gases 
overcome  the  resistance  of  the  shall  In  the  barrel  and  finally  drive 
the  latter  through  the  berrel.  The  forces  acting  against  the  v/edge 
breechblock  as  a  result  prochioe  the  recoil  of  the  barrel. 

In  the  case  of  turret  and  deck-turret  weapons  the  opening  of  the 
v/edg€  breechblock  causes  an  air  valve  to  open  and  air  passes  from  the 
breech  Into  the  barrel  in  order  to  remove  the  gases  produced  by  the 
explosion  of  the  charge.  If  the  barrel  la  closed  off  by  the  wedge 
breechblock,  the  supply  of  air  is  also  Interrupted. 


Zf  the  weapon  has  been  loaded,  the  wedge  breechblock  has  to  be 
moved  by  hand  once.  During  firing,  the  wedge  breechblock  la  moved  auto* 
matlcally  by  means  of  the  semi-automatic  mechanism,  diirlng  the  course 
of  the  recoil. 

Ilie  firing  may  be  carried  out  n»chanlcally  or  electrically. 
Mechanical  firing  Is  achieved  through  the  actuation  of  appropriate 
foot-operated  firing  levers  by  the  gun  layers  (Fig.  11).  As  the  sear 
clears  the  firing  pin,  the  latter  drives  forward  because  of  the  ten¬ 
sion  of  the  firing -pin  spring  and  strikes  against  the  threaded  primer 
In  the  base  of  the  shell,  thus  Igniting  the  charge  In  the  casing. 

In  addition  to  mechanical  firing  by  means  of  a  foot-operated  fir¬ 
ing  lever,  manual  firing  Is  also  possible.  The  hand-operated  firing 
lever  is  motinted  at  the  breech  ring.  As  a  rule,  manual  firing  is  em¬ 
ployed  for  the  repeat  firing  of  a  shell  In  the  event  of  a  misfire. 

In  order  to  brake  the  recoil  of  the  barrel  and  In  order  to  attenu¬ 
ate  the  oounterreooll  of  the  parts  sliding  back  to  their  initial  posi¬ 
tions,  provision  Is  mads  for  the  so*osl2sd  oounterreooll  moohanlsm. 

The  counterreoell  aselisniMi  of  ■sdluB-odXibsr  wospons  In  general  con¬ 
sists  In  s  hydrsulle  brolM  tnl  tvm  M  to  two  hydrsullo  recuperators. 
The  hydraulic  brolv  sboorbo  tlN  iliWiiy  Of  the  bseksliding  parts  on  fir- 
ing  and  m  addition  it  bMlpst  the  sountorrsooll.  The  recuperator  [ooun- 
terreooil  asohaniM]  sorwss  to  rotwm  the  bookslidlng  parts  after  fir- 
ing  to  their  initial  pooitiono* 

Nsdlum-osllber  weapons  are  gonorally  leaded  by  hand.  On  initial 
loading  of  the  weapon,  the  gun  leader  wist  open  the  breech  and  heft 
the  shell  Into  the  ohsiiibor.  In  the  ease  of  weapons  in  excess  of  100  mm 
caliber,  the  shell  weighs  more  than  30  kg*  The  loading  procedure  in  the 
case  of  such  weapons  by  hand  is  partioulsrly  difficult  without  some 
auxiliary  devices. 
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To  facilitate  the  operating  conditions,  these  weapons  are  pro* 
vlded  with  mechanical  shell-input  devices. 

The  shell-loading  device  Is  fastened  to  the  cradle  and  ensures 
reception  of  the  shell  and  the  Input  of  the  latter  at  all  barrel  ele¬ 
vations.  In  order  to  guide  the  shell  without  difficulty.  It  Is  placed 
In  the  loading  tray.  The  gun  loader  then  operates  the  loading  lever, 
thus  opening  an  air  valve  to  permit  the  entry  of  compressed  air  into 
an  operating  cylinder.  Depending  on  the  elevation  of  the  weapon,  the 
variable  quantity  of  air  required  for  the  shell  feed  streams  into  the 
operating  cylinder.  The  air  acts  against  a  piston  and  sets  the  follower 
into  motion  by  means  of  a  cable  drive;  the  follower  then  directs  the 
shell  Into  the  chamber. 

If  for  some  reason  the  supply  of  air  Is  not  available,  the  fol¬ 
lower  can  also  be  operated  manually,  although  In  this  case  speed  Is 
lost,  and  this  leads  to  a  lowering  of  the  rate  of  fire. 

Let  us  now  make  several  coenents  regarding  the  aiming  of  weapons. 

nie  aiming  procedure  Involves  plaoement  of  the  barrel  in  a 
given  position  In  order  to  enable  the  shell  to  hit  the  target.  Aiming 
Is  carried  out  by  aieana  of  ele^tlmi  and  traversing  mechanisms  on  the 
basis  of  vertical  and  harisMital  data  provided  by  the  fire-control  ixi- 
strumentatlon.  Zn  the  ease  of  stabilised  weapons,  the  trunnion  axles 
are  also  aimed.  Zf  the  aiming  procedure  la  carried  out  In  accordance 
with  data  transmitted  from  the  computer  center,  we  speak  of  centrally 
controlled  aiming.  If  these  data  are  derived  through  the  sighting  of 
the  Individual  weapons,  we  speak  of  autonomous  aiming. 

The  aiming  procedure  may  be  carried  out  manually  or  by  means  of 
an  electric  motor,  semi -automatically  or  automatically.  Automatic  aim¬ 
ing  Is  effected  by  means  of  a  servomotor,  without  participation  of  the 
gun  layers.  In  the  case  of  semi-automatic  aiming,  the  gun  layer  actu- 
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ates  the  drive  according  to  data  that  are  read  off  either  trm  apaeial 
pickups  or  provided  through  the  sights. 

!nie  field  of  fire  for  any  weapon  can  be  restricted  In  order  to 
prevent  aljnlng  at  an  unattainable  sector.  The  vertical  aiming  meohanls 
Is  found  on  the  left-hand  side  (Fig.  12).  It  consists  of  a  hand  drive 
and  an  electrical  drive.  The  motion  of  the  crank  handle  Is  transmitted 
to  a  spur  gear  which  meshes  with  the  toothed  segment  of  the  elevation 
mechanism  that  Is  connected  to  the  cradle.  Vertical  aiming  is  carried 
out  In  accordance  with  data  received  from  appropriate  pickups  or  de¬ 
rived  through  the  weapon  sight.  The  horizontal  aiming  mechanism  is 


Fig.  12.  Vdrtleal  aiming  maohanlsm. 

1)  Hand  ^ivai  8)  ooupllngi  3)  apur 
whaalj  4)  taatliaa  aagmant  of  altva- 
tloR  maehanlami  5)  penar  drive. 

foiuuS  to  the  right  of  the  mtapan  and  It  also  consists  of  a  hand  drive 
and  an  electrical  drive.  The  awivellng  of  the  weapon  is  achieved 
through  the  motion  of  a  gear  wheel  which  meshes  with  the  traversing 
rack  of  the  base  plate«  so  that  the  weapon  moves  along  a  horizontal 
line.  The  aiming  procedure  la  carried  out  In  accordance  with  data  taken 
from  a  pickup  unit  for  horizontal  aiming  or  by  mans  of  the  data  de¬ 
rived  through  the  slghz  of  the  weapon. 

The  tninnlon  axles  are  lined  up  only  in  the  case  of  stabilised 
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wcaions.  A  special  slcht  may  be  employed  to  effect  the  stabilization, 
by  hav InG  the  eun  layer  line  up  the  horizontal  sight Ine  line  with  the 
horizon,  or  on  the  basis  of  the  data  provided  by  a  sensing  element 
pickup  to  which  data  regarding  the  magnitude  of  roll  are  continuously 
being  supplied. 

Later  on  we  will  discuss  the  utilization  of  llght-callber  v/eapons. 
■These  weapons  are  employed  for  operations  against  aerial  targets  at 
low  altitudes  (below  3500  meters).  However,  they  can  also  be  used 
against  small  surface -vessel  targets  and  against  visible  coastal  tar¬ 
gets  at  short  range. 

The  assignments  which  must  be  carried  out  are  also  decisive  for 
the  structural  features  of  these  weapons.  The  required  density  of  fl'^^ 
demands  that  these  weapons  exhibit  a  high  rate  of  fire  -  more  than  a 
hundred  rounds  per  minute  for  each  gun  —  and  this  calls  for  the  automa¬ 
tion  of  the  over-all  fire  control.  The  great  speeds  of  aerial  targets 
call  for  great  aiming  speeds  which  for  vertical  and  horizontal  aiming 
must  amount  to  30  to  60^  per  second. 

Llght-callber  weapons  are  aaiall  in  size  and  light  in  construction. 
For  this  reason,  a  oonsldez^ble  nuB^r  of  such  weapons  can  be  used 
aboard  ships.  These  weapona  are  provided  with  sights  which  can  be  used 
against  visible  aerial,  naval,  and  coastal  targets. 

Remote-controlled  weapons  can  be  used  at  all  times  under  all 
weather  conditions.  To  raise  the  density  of  fire.  It  has  become  the 
practice  to  develop  weapons  carrying  several  guns. 

Llght-callber  weapons  exhibit  all  of  the  Important  structural  ele¬ 
ments  v;ith  which  we  are  familiar  from  the  medium-caliber  weapons,  and 
we  have  reference  here  to  the  cradle,  the  gun  mount,  and  the  base 
plate.  For  this  reason,  we  will  consider  only  several  of  the  structural 
features  of  the  cradle  part  and  the  sighting  mechanism  of  the  37-mm 
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autmiatlc  weapon. 


The  cradle  portion  of  this  automatic  weapon  carries  the  entire 
gun.  Tlie  barrel  housing  of  the  cradle  portion  guides  the  barrel  on 
counterrecoll  and  recoil.  The  recoil  brake  Is  situated  beneath  the 
barrel  housing  (Pig.  13).  A  heavy  counterrecoll  spring  serves  as  the 
recuperator,  and  this  piece  Is  seated  on  the  barrel.  The  cradle  part 
Is  seated  In  the  trunnion  bearings  of  the  gun  mount.  The  elevation- 
drive  toothed  segment,  meshing  with  the  spur  wheel  of  the  elevation 
mechanism.  Is  fastened  to  the  underportion  of  the  cradle. 


\  Htnarog /hr  a  2  fur  Off 
riujntigungi»tin*H  ^ 

2^  qI  (hUtntuitplrommM 

SMamnug- 


i»i§ung$m 


Fig.  13.  Aiming  mechanism  of  3T-mm  weapon.  1)  Hand  wheel  for  setting 
of  dive  angle;  2)  hand  wheel  for  setting  of  speed;  3)  barrel  bracket; 
4)  dlve-angle  scale;  3)  range  knob;  6)  range-finder  drum;  6)  hand 
wheel  for  range  finder;  7)  recuperator;  6)  sight  parallelogram  linkage 
system;  9)  collimator;  10)  sighting  line;  11)  cradle;  12)  cocking 
lever. 


The  automatic  weapon  generally  Is  fitted  out  with  a  wedge -type 
breechblock  which  can  move  vertically.  The  shell  feed  and  follower 
unit  are  part  of  the  autotnatlo  loading  mechanism.  The  design  of  the 
breechblock  and  the  a..toinatic  loading  mechanism  ensure  the  automatic 
opening  of  the  breechblock  after  firing,  the  extraction  of  the  casing 
from  the  shell  chamber,  the  cocking  of  the  firing  pin,  the  feeding  of 
the  following  shell  onto  the  loading  tray,  the  Insertion  of  the  shell 
Into  the  chamber,  the  closing  of  the  breechblock,  and  finally  the  fir¬ 
ing.  The  automated  aspects  of  this  procedure  relate  to  the  exploitation 
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of  the  reaction  forces  produced  by  the  gases  evolved  through  the  de¬ 
tonation  of  the  charge. 

On  initial  loading,  the  breechblock  must  be  opened  manually  with 
a  cocking  lever  which  is  mounted  on  the  left-hand  side  of  the  cradle 
(Fig.  13).  The  design  of  the  37-mm  automatic  v/eapon  permits  single- 
round  and  automatic  firing.  The  shells  are  automatically  carried  to 
the  loading  tray  and  it  is  possible  to  continue  firing  v;lthout  inter¬ 
ruption,  given  a  continuous  supply  of  ammunition,  until  the  barrel 
reaches  the  ..T!iaxlm\am  permissible  teirper a tui-e j  at  this  point,  firing 
must  cease  and  the  barrel  must  be  given  a  chance  to  cool.  Various  gun 
barrels  have  been  fitted  out  with  cooling  jackets  through  v/hich  sea 
water  from  the  fire -extinguishing  system  is  made  to  flov/,  the  barrel 
thus  being  continuously  cooled.  Light-caliber  weapons  are  provided 
with  automatic  or  front  ring  sights  which  make  possible  operations 
against  aerial,  water,  and  coastal  targets. 

Figure  13  shows  the  automatic  sighting  unit  of  a  37-mm  automatic 
weapon.  This  weapon  has  been  fitted  out  with  a  double -sided  sight.  Cn 
the  left-hand  side  of  the  weapon  we  find  the  computer  element  of  the 
sight  and  the  collimator  for  the  vertical  sighting  operation;  on  the 
other  hand,  on  the  right-hand  aide  of  the  weapon  we  find  that  part  of 
the  sight  that  is  enqployed  for  the  setting  of  target  range  and  target 
speed,  as  well  as  the  collimator  for  horizontal  aiming. 

llie  collimators  are  connected  to  one  another  by  means  of  the  sight 
parallelogram  linkage  system  and  they  are  arranged  so  that  the  sighting 
line  of  each  collimator  is  parallel  to  the  sigtit  linear  setting  whose 
position  relative  to  the  axis  of  the  barrel  la  governed  by  the  angle 
of  elevation  and  the  lateral  lead.  If  the  sighting  line  of  the  colli¬ 
mator  is  aligned  with  the  target,  the  barrel  points  in  the  direction 
of  the  required  set-forward  point.  The  gun  layer  sitting  on  the  rlght- 
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liand  side  of  the  weapon  actuates  the  horizontal  aiming  drive  until  the 
vertical  filament  of  the  crosshairs  lines  up  with  the  target,  and  It 
Is  his  responsibility  to  see  that  this  position  Is  maintained;  the  gun 
layer  sitting  on  the  left-hand  side  of  the  weapon,  on  the  other  hand, 
actuates  the  vertical  aiming  drive  xuitll  the  horizontal  filament  of 
the  collimator  lines  up  with  the  target. 

The  left-hand  gun  layer  must  set  the  sight  parallel  to  the  head- 
ln<^  of  the  target,  whereas  the  gunner  on  the  right-hand  side  of  the 
weapon  is  responsible  for  the  setting  of  the  range  and  target  velocity. 
The  hand  wheels  intended  for  this  purpose  can  be  seen  In  Fig.  13.  When 
both  gtinners  have  lined  the  center  of  the  crosshairs  up  with  the  tar¬ 
get,  fire  Is  opened. 

Front  ring  sights  differ  from  automatic  sights  In  their  simple 
design.  A  smaller  staff  Is  required  to  service  this  type  of  sight,  al¬ 
though  the  accuracy  here  Is  lower  than  In  the  case  of  automatic  sights, 
and  In  practical  terms  the  time  required  to  train  the  gun  layers  Is 
considerably  longer.  Vtie  sight  oonslsts  of  a  number  of  concentric  rings 
that  are  conneoted  to  one  another  by  meono  of  crosshairs.  The  sight  is 
positioned  In  front  of  thi  gun  layer.  The  outer  ring  in  general  corres¬ 
ponds  to  a  target  voloelty  of  300  meters  per  second,  the  remaining 
rings  being  Intended  for  velooltlos  of  200,  100,  and  30  meters  per 
second.  From  the  center  of  the  sl^ht  the  rings  are  numbered  from  1  to 
U,  BO  that  the  fourth  ring  la  the  one  on  the  outside. 

The  sighting  ring  required  for  purposes  of  firing  the  weapon  la 
determined  by  multiplying  the  target  velocity  by  the  perspective  fore¬ 
shortening.  In  this  cate  parapeotlve  foreshortening  refers  to  the  ratio 
of  the  apparent  aircraft  dimensions  to  the  actusl  dlmenslcms  (lA,  2/4, 
3/4,  4/4).  The  resulting  quantity  la  than  rounded  off  to  the  value  of 
the  closest  velocity  ring. 


The  gunner  sights  the  target  with  the  velocity  ring,  determined 
by  calculation,  and  then  opens  fire.  The  center  of  the  front  ring 
sight  is  used  to  fire  at  dlvebombers  engaged  In  a  direct  attack  against 
the  ship.  Remote-controlled  weapons  are  set  automatically  on  the  basis 
of  data  supplied  by  the  fire-control  equipment. 

The  machine  guns  mounted  In  boats  are  also  Important  since  they 
exhibit  a  high  rate  of  fire  and  are  capable  of  operations  against  tar¬ 
gets  at  heights  up  to  1500  meters.  In  order  to  increase  density  of  fire 
a  number  of  such  weapons  are  combined  In  a  single  vinit.  Moreover, 
machine  guns  can  also  be  employed  successfully  against  water  and  coastal 
targets. 

ffechlne  guns  are  simple  in  construction  and  are  easily  serviced. 
They  are  light  [In  weight]  and  do  not  take  up  too  much  space;  there¬ 
fore,  this  type  of  weapon  la  commonly  employed  aboard  boats  and  civil¬ 
ian  vehicles  In  the  event  of  war. 

Machine  guns  can  be  eqiulpped  with  front  ring  sights  or  with  auto¬ 
matic  sights  that  differ  but  slightly  In  design  from  the  sights  already 
considered. 

During  the  war  Mohlns guns  wsrs  suoesssfully  used  for  operations 
against  aerial  targets  end  fslts  s  nuid>er  oi  aircraft  were  put  out  of 
operation  by  these  weapons. 

AMMUNITION 

Firing  success  depends  in  great  measure  on  the  quality  of  the  am¬ 
munition.  The  iiK>st  modern  wes|  n  loses  in  combat  effectiveness  when 
the  available  ammunition  is  worthless.  Basically,  ships  and  bMts  are 
stocked  with  a  definite  quantity  of  ammunition  for  each  gun.  The  total 
quantity  of  ammunition  aboard  a  vessel  Is  known  as  the  on-board  stores. 

In  view  of  the  fact  that  naval  weapons  are  om>loyed  for  a  variety 
of  purposes,  the  ammunition  stores  must  be  suitable  tw  <M;>erations 


against  aerial,  water,  and  coastal  targets.  For 
this  reason  the  ammunition  stores  are  made  np  oi 
various  types  of  ammunition. 

Thus  fragmentation  shells  with  time  fuses 
are  used  for  operations  against  aerial  targets. 

The  time  fuse  Is  In-ended  to  produce  a  large  quan¬ 
tity  of  fragments  upon  the  explosion  of  the  shell. 
Against  water  and  coastal  targets,  on  the  other 
hand,  high-explosive  and  combined  high-explosive 
fragmentation  shells  with  Impact  fuses  are  used. 
Armor -piercing  shells  have  stable  shell  casings 
and  are  used  against  armored  targets  because 
these  shells  can  destroy  obstacles  easily  or 

Fig.  14.  Pixed- 

ammunltlon  pierce  them, 

shell.  1)  Shell; 

2)  casing  neck;  Light-caliber  weapons  fire  fragmentation  in- 

3}  base  deton¬ 
ating  fuse;  4)  cendlary  shells  with  Impact  fuses  and  armor- 

charge:  3)  cas¬ 
ing;  6)  threaded  piercing  shells  with  base  detonating  fuses,  l.e., 
primer, 

armcM? -piercing  solid-body  shells.  In  order  to  fa¬ 
cilitate  observation  of  shell  trsjeotorles  and  to  implement  firing  cor¬ 
rections,  the  shells  sre  previdsd  with  s  trsosr  composition  that  la  ig¬ 
nited  by  the  propellant  ohsrgt. 

A  shall  oonslsts  of  ths  followingi 

•  a  fuss, 

•  ths  round  and 

•  the  casing. 

Depending  on  the  caliber,  we  distinguish  shells  (fixed  ammiunitlon) 
and  separate  cartridge  ammunition.  In  the  case  of  the  fixed  shell,  the 
round  la  directly  connected  to  the  easing  carrying  propellant 
charge,  and  it  form  a  slngla  piaca  (Pig.  14).  In  tha  oasa  of  saparatad 
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cartridge  aiiununltlon,  the  cartridge  casing  Is 
stored  separately  from  the  round. 

Since  we  are  considering  air  defense,  we 
will  consider  the  fragmentation  shells  v/lth 
time  fuses  in  greater  detail,  because  these 
are  frequently  also  classified  as  long-range 
shells  (Fig.  15)-  This  particular  type  of 
snell  is  designed  to  take  aerial  targets  out 
of  operation  as  a  result  of  its  fragmentation 
effect  and  for  this  reason  the  shell  must  be 
designed  to  produce  as  great  a  quantity  of 

Fig.  15.  Anti-air¬ 
craft  shells.  1)  effective  fragments  on  detonation  as  possible. 

Time  fusej  2)  Impact 

fuse;  3)  casing  of  A  fragment  capable  of  penetration  is  one 

round;  4)  demolition 

charge;  5)  rotating  which  weighs  no  less  than  5  g.  The  quantity 
bands;  6)  tracer 

composition;  7)  base;  of  fragments  depends  on  the  material,  on  the 

8)  long-range  shell; 

9)  fragmentation  thloknesa  of  the  walls  of  the  round,  and  on 

shell  with  tracer 

composition.  the  weight  of  the  detonation  charge. 

The  walls  of  the  round  genertlly  exhibit  a  thickness  amounting 
approximately  to  1/4  to  I/6  of  the  osliber,  while  the  weight  of  the 
detonation  charge  sswunts  ai^oxiastely  to  10  percent  of  the  weight  of 
the  round.  With  such  a  ratio  between  the  weight  of  the  detonation 
charge  and  the  thickness  of  the  walls  of  the  round  a  maximum  quantity 
of  fragments  capable  of  penetration  is  guaranteed. 

Thus  on  the  detonation  of  a  medium-caliber  round  several  hundred 
fragments  capable  of  penetration  are  formed.  On  explosion,  approxi¬ 
mately  20  percent  of  the  fragments  are  formed  by  the  nose  section  of 
the  shell,  up  to  70  percent  come  from  the  side  walls,  and  up  to  10 
percent  are  formed  fresn  the  base. 

The  fragmentation  effect  is  characterized  by  the  distance  Prom  the 
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point  of  detonation  at  which  the  fragments  still  retain  their  penetrat¬ 
ing  power.  This  distance  is  a  function  of  fragii.ent  velocity  Imparted 
to  the  fragments  by  the  detonation  and  It  Is  also  a  function  of  frag¬ 
ment  weight. 

The  fuse  designed  to  detonate  the  detonation  charge  is  screwed 
Into  the  nose  section  of  the  shell.  Puses  are  divided  on  the  basis  of 
operating  principle  into  Impact  fuses  and  time  fuses. 

Impact  fuses  are  employed  for  light-caliber  shells,  v/hereas  time 
fuses  are  used  in  medium-caliber  shells.  The  basic  parts  of  a  fuse  in¬ 
clude  the  following: 

•  the  fuse  body, 

•  the  impact  device, 

•  the  detonator, 

•  the  blasting  cap, 

•  detonator  cap,  and 

•  the  arming  pin. 

It  is  the  function  of  the  arming  pin  to  prevent  the  acc’duntai 
detonation  of  the  shell  during  transport  and  in  storage.  Moreover,  t-he 
arming  pin  ensures  bore  safety.  The  detonator  serves  as  a  primer  charge 
and  la  used  to  detonate  the  detonation  charge.  The  detonator  itsel*'  ^s 
fired  by  means  of  a  datonator  oap.  The  detonator  is  positioned  between 
the  detonator  cap  and  the  datonation  charge  and  serves  to  ensure  com¬ 
plete  detonation  of  tha  charge. 

After  the  firing  pin  haa  struck  the  detonator  cap,  the  detonation 
proceeds  in  the  following  secjuencet  detonator  cap,  blasting  cap,  de¬ 
tonator,  detonation  charge. 

Modern  fu.ees  are  extremely  complicated  in  construction  and  exact 
in  their  operation;  however,  the  success  of  the  firing  depends  on  their 
proper  functioning.  The  37-ina  fragmentation  shell  with  tracer  compos  1- 
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tlon  Is  fitted  out  with  a  polnt-detonatlng  fuse,  and  with  a  self- 
destroying  fuse  which  explodes  the  shell  after  a  certain  lapse  of  tlina, 
should  the  shell  have  failed  to  hit  the  target. 

If  such  a  shell  strikes  a  target,  the  detonation  cap  Is  fired  and 
the  detonation  process  continues  In  sequence  to  the  detonator  and  the 
detonation  charge.  If  the  shell  misses  the  target.  It  Is  exploded  by 
means  of  the  self -destroying  fuse  after  the  burning  time  of  the  latter 
has  elapsed. 

Time  fuses  are  again  subdivided  into  powder  fuses  and  mechanical 
fuses.  In  powder  time  fuses  three  time -train  rings  are  positioned  be¬ 
tween  the  detonator  cap  and  the  blasting  cap.  These  time-train  rings 
have  powder-filled  bores  and  are  in  communication  through  connecting 
orifices  that  are  designed  to  permit  the  passage  of  the  flame.  It  Is 
the  purpose  of  these  rings  to  prolong  the  detonation  process.  The  pow¬ 
der-filled  bore  burns  for  a  definite  period  of  time.  Hie  time- train 
rings  can  be  turned  with  respect  to  one  another  by  means  of  a  fuse- 
settlng  key  designed  especially  for  this  purpose.  When  this  is  done 
the  positions  of  the  cwuieotlng  or  if  lees  are  altered  with  respect  to 
one  another,  and  this  aakiaa  it  poaalble  either  to  prolong  or  shorten 
the  burning  time  of  the  poiwlar. 

By  altering  the  duratloii  of  the  povder  burning  tine,  the  distance 
to  the  point  of  detenatien  la  alao  altered.  Thus  the  flanea  on  the  one 
hand  ensure  that  the  detonation  aotually  takes  place  and  on  the  other 
hand  make  certain  that  tha  projectile  [shell]  covers  a  certain  given 
distance  In  order  to  detonate  at  the  predetermined  point  along  the 
trajectory.  The  firing  of  t^  detonator  cap  Is  achieved  In  the  barrel 
by  the  firing  pin  which  Is  positioned  In  front  of  the  detonator  cap. 
After  the  firing  the  firing  pin  drives  through  the  detonator-cap  cover. 
The  detonator  cap  then  ignites  the  powder  of  the  upper  time-train  ring. 
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Fig.  16.  Clockwork  of  time  fuse.  1)  Profile  aperture;  2)  housing;  3) 
center  shaft;  4)  Inertia  block;  5)  clockwork  spring;  6)  spring;  7) 
pointer;  8)  flrlng-pln  lever;  9)  couDllng;  10)  flrlng-pln  spring;  11) 
lljnlter;  12)  pin;  13)  firing  pin;  14)  pendulum;  15)  detonator  oap; 
l6)  balance  pendulum. 

After  the  powder  of  the  upper  time-train  ring  has  been  consumed,  the 
powder  of  the  middle  time-train  ring  la  Ignited,  followed  by  the  pov/- 
der  of  the  lower  time-train  ring#  If  the  total  powder  charge  has  been 
consumed  In  aooordanoe  with  the  setting,  the  flame  of  the  lower  time, 
train  ring  oomes  Into  oontoot  with  the  blgstlng  cap  and  the  fuse  has 
fulfilled  Its  funotlon. 

The  lower  tlsw-troln  ring  is  graduated  to  indicate  a  definite 
burning  time  for  the  powder  ohirge.  The  fuse  body  carries  a  red  gradua¬ 
tion  marking  to  permit  setting. 

Hechanlcal  fuses  are  btsioslly  unlike  the  powder  fuses,  because 
their  operational  principle  Is  based  on  the  functioning  of  a  clockwork 
mechanism  (Fig.  l6).  Mechanical  fuses  are  more  modern  and  exact  in  ef- 
feet  than  are  the  powder  fuses. 

The  time  of  detonation  for  a  projectile  at  the  given  point  along 
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the  trajectory  is  given  by  the  previously  set  clockwork  mechanism  of 
the  fuse.  All  elements  of  the  fuse  circuit,  the  detonator  cap,  the 
blasting  cap,  and  the  detonator  are  positioned  beneath  the  clockwork 
mechanism  In  a  mechanical  fuse.  In  order  to  permit  the  setting  of  the 
detonation  time,  such  a  fuse  Is  also  provided  with  a  time-train  ring 
that  Is  to  be  turned  through  a  corresponding  magnitude.  The  housing 
with  Its  profile  aperture  Is  turned  according  to  a  pointer  simultane¬ 
ously  with  the  time-train  ring.  On  firing,  the  pointer  Is  released 
from  the  Inertia  block  and  the  clockwork  mechanism  begins  to  fxinctlon; 
the  central  shaft  together  with  the  pointer  is  set  Into  uniform  motion 
by  the  force  of  the  clockwork-mechanism  spring.  The  uniform  rotation 
Is  ensured  by  a  balancing  pendulum.  The  pointer  which  is  carried  in 
the  upper  part  of  the  housing  continues  to  turn  as  long  as  It  Is 
aligned  with  the  profile  aperture.  In  this  position  it  is  pressed 
througn  the  profile  aperture  by  the  pressure  exerted  by  the  spring. 

The  flrlng-pln  lever  which  blocks  the  firing  pin  Is  thus  released. 

The  firing  pin  la  actuated  by  the  flrlng-pln  spring  to  strike  the 
detonating  cap  which  then  fires  the  blasting  cap  and  the  detonator. 

Thus  the  firing  of  the  detonating  cap  does  not  occur  at  the  Instant  of 
firing  as  was  the  oat  with  the  powder  fuse,  but  after  a  definite  lapse 
of  clockwork  operating  tiae. 

The  fttse  tlne-traln  rlig(  la  calibrated  to  correspond  to  a  definite 
operating  time  of  the  fuse  (Pig.  17).  The  setting  of  the  fuse  is  car¬ 
ried  out  relative  to  a  penaanent  graduation  narking  on  the  fuse  hous¬ 
ing.  A  hand  fuse  setter  is  used  to  effect  the  setting  and  this  setter 
Is  eiQployed  to  turn  the  tension  ring  (tine -train  ring]  through  the  cor¬ 
responding  value  (Fig.  17).  The  setting  carried  out  by  means  of  the 
hand  fuse  setter  Is,  however,  not  accurate  enough  and  calls  for  con¬ 
siderable  skill  on  the  part  of  the  individual  responsible  for  setting 
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Fig.  17.  Fuse  setting  with  hand 
fuse  setter.  1)  Ballistic  cover; 

2)  tension  ring  [time-train  ring]; 
3;  hand  fuse  setter;  4)  reference 
graduation;  5)  fuse  body. 


the  fuse 4  and  particularly  in  the  case  of  motion  at  sea  leads  to  con¬ 
siderable  error. 

In  order  to  Improve  the  working  conditions  of  the  Individuals  r' - 
sponsible  for  setting  fuses  and  to  raise  accuracy  In  fuse  setting, 
weapons  today  are  fitted  out  with  fuae-setter  equipment. 

At  the  start  of  the  aeoond  Wsrld  Mir,  radar  fuses  were  developed 
for  the  navies. 

Aiming  errors  and  tlJM-fuae  setting  errors  lead  to  a  situation  in 
which  ths  point  of  dstanatlMi  la  not  always  reached  in  the  immediate 
vicinity  of  the  target,  and  so  the  target  Is  not  always  seriously  dam¬ 
aged.  For  this  reason  a  large  quantity  of  annunltlon  was  needed  for 
the  destruction  of  aerial  targets.  Hie  radar  fuse  (Pig.  18)  requires 
no  advance  fuse  setting,  but  takes  over  automatical^  In  the  vicinity 
of  the  target,  at  which  point  the  shall  Is  capable  of  Inflicting  the 
greatect  damage  to  the  target. 

In  the  opinion  of  foreign  specialists  the  radar  fuse  should  be  re 

-  38  . 


cat'dtfd  as  the  most  modern  fuse  at  the  present  time  and  It  is  therefore 
finding  ever-greater  application,  it  Is  continuously  being  refined, 
and  Is  also  being  employed  in  rockets  and  in  txMubs. 

W\e  operating  principle  of  a  radar  fuse  Is  similar  to  that  of  a 
radar  station  (Pig.  19).  A  transmitter  and  a  receiver  are  built  Into 
the  fuse  body.  Moreover,  the  fuse  is  fitted  out  with  an  antenna  that 
Is  Intended  for  transmission  and  reception.  After  firing,  the  power 

source  Is  actuated  and  provides,  for  the  emission 
of  electromagnetic  waves  into  space.  An  electro¬ 
magnetic  field  Is  formed  around  the  fuse  ^Flg. 
19/.  If  this  field  comes  into  contact  with  a 
target,  the  signal  reflected  from  the  target 
picked  up  by  the  receiver  In  the  fuse  and  con¬ 
verted  Into  electrical  pulses  which  are  ampli¬ 
fied  In  proportion  to  the  approach  to  the  target. 

If  the  fuse  la  some  30  to  50  meters  from 
the  target,  the  fuse  la  actuated  by  the  ampli¬ 
fied  pulaea.  Ih  the  following  the  reader  will 
be  familiarized  with  the  construction  and  op- 

Flg.  18.  Schama tio 

diagram  of  radar  arating  mathod  of  a  Brltlah  radar  fuse, 

fuse.  1)  Antenna) 

2)  filler)  3)  A  radar  fuaa  ia  small  in  size  and  resembles 

plastic  cover)  k) 

transmit-reotiva  a  aaohanleal  time  fuaa.  Tha  individual  parts  of 

unit;  5)  fuaa  body) 

6)  battary)  7)  tha  fuaa  ara  housad  in  a  steel  cylinder  known 

electrolyte)  o) 

safety  device)  9)  as  tha  fuaa  body  which  is  covered  with  a  plastic 
86 If -destroying 

fuse;  10)  datona-  dome  (Fig.  18).  Tha  moat  important  parts  of  the 
tor. 

radar  fuse  include  the  following: 

•  the  detonation  mechanism  and  the 

•  cransmlt-reoelve  \inlt. 

TlM  detonation  mechanism  produces  tha  detonation  of  the  shell 
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Fig.  19«  Operating  prlnolplc  of  radar  fuae.  1)  Signal  from  fuse  an- 
tennaj  2)  target-refleoted  algnal;  3)  algnal  oscillation  (receiver  in¬ 
put);  4)  audio  frequency  (receiver  output);  5)  amplified  signal  for 
prlnary  winding  of  contact.  A)  Secondary  winding;  B)  primary  winding; 

C)  contact  of  secondary  circuit;  D)  electrical  detonation;  £)  current 
source;  F)  contact. 

charge  at  the  given  tlaa.  Ihia  MchaniaB  includes  an  electrical  primer, 
the  blasting  cap,  and  the  detonator. 

Ihe  transmlt-receive  unit  of  the  radar  fuse  includes  a  current 
source,  the  transmitter,  the  receiver,  and  a  contact  pore. 

The  electrical  prlocr,  the  blasting  cap,  and  the  detonator  are 
positioned  In  line  In  the  bottom  part  of  the  fuse  body.  The  electrical 
detonation  Is  ensured  by  means  of  a  resistance  bridge  jacketed  with 
black  powder.  The  resistance  bridge  consists  of  a  sp-clal  wire  exhibit- 
Ing  high  electrical  resistance.  A  detonation  Initiator  Is  omployed  as 
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the  blattlr^  cap.  The  bleating  cap  is  s'st  off  electrically.  Ttie  de* 
tonator  is  used  to  amplify  the  effect  of  the  blasting  cap.  In  order  to 
set  off  the  detonation,  the  electric  current  must  be  passed  through 
the  resistance  bridge,  the  bridge  must  be  made  to  glow,  and  thus  to 
cause  the  black  powder  to  burst  Into  flame.  The  resulting  flame  then 
ignites  the  blasting  cap. 

In  order  to  cause  the  resistance  bridge  to  begin  to  glow  at  the 
given  instant  of  time,  a  special  contactor  is  employed. 

Among  others,  this  contactor  Includes  an  electromagnet  relay  that 
is  connected  to  2  circuits.  The  first  circuit,  as  a  rule,  is  laiown  as 
the  control  circuit,  while  the  second  circuit  is  known  as  the  working 
circuit  (Pig.  19).  Ihe  power  source,  the  secondary  winding  of  the  elec¬ 
tromagnet,  and  the  electrical  Ignition  are  series  connected  in  the 
second  circuit.  If  a  voltage  of  specific  magnitude  is  applied  at  the 
first  winding  of  the  electromagnet,  the  armature  is  attracted  and  the 
contacts  of  the  second  circuit  are  closed.  Thus  the  flow  of  current 
through  the  secondary  winding  is  ensured  and  nothing  stands  in  the  way 
of  the  ignition. 

The  transBit«reoeiva  unit  of  the  fuse,  in  conjunction  with  the 
aiRpllfiar«  ]n*evidta  the  input  voltage  for  tiM  contactor  at  the  required 
instant  of  tlaa.  The  tranviit -receive  unit,  the  amplifier,  and  the  an- 
tenna  are  neunted  in  the  naae  aeotien  of  the  fuae. 

The  hl^-fregueney  «^Ieotromagnetio  waves  emitted  bv  the  transmit¬ 
ter  into  space  are  alaultaneously  picked  up  by  the  receiver,  although 
the  electromagnet  of  the  contactor  is  not  affected  by  this.  If,  how- 
ever,  targets  should  s|qpear  within  the  effective  range  of  the  fuse, 
the  emitted  waves  ar  reflected  from  the  surface  of  the  target  and  thee 
are  picked  up  by  the  fuae  antenna. 

Inasmuch  as  the  respective  pos.it ions  of  fuse  and  target  are  ohang- 


Inc  relative  to  one  another,  the  reflected  al^nal  naturally  exhibit! 
higher  frequency  than  the  emitted  signal  (the  Doprler  effect).  The  J 
fleeted  signal  Is  wealcer  than  the  emitted  slgm  ,  although  with  cloc 
distance  the  signal  is  amplified. 

Both  signals  are  added  In  the  antenna  and  so-called  beats  appe; 
l.e,,  oscillations  of  an  Intermediate  frequency  with  periodically  f. 
tuatliig  amplitudes.  If  the  beats  reach  the  receiver,  the  low-frequei 
oscillations  are  Isolated  by  the  receiver,  amplified,  and  carried  tc 
the  contactor.  The  low-frequency  alternating-current  voltage  appllec 
to  the  contactor  increases  as  the  distance  between  the  shell  snd  the 
target  diminishes  and  flnclly  detonates  the  fuse  v/hen  the  voltage  u 
tains  a  given  value. 

Dry  colls  are  used  as  the  power  source  In  radar  fuses.  Tlie  eicc 
trodes  are  connected  to  a  block  and  -  Insulated  from  the  housing  -  ■ 
Into  the  fuse. 

The  electrolyte  Is  carried  in  a  glass  ampule  that  is  stored  In 
center  of  the  electrode  block.  The  mounting  of  the  glass  ampule  per¬ 
mits  limited  axial  shifting.  A  firing  pin  is  built  into  the  fuse  and 
Is  situated  beneath  the  glaao  tiqpule.  The  ampule  is  protected  Agdlns* 
accidental  deatruotlon  by  a  spring  which  naintalns  the  required  dis¬ 
tance  between  the  base  of  the  ampule  and  the  tip  of  the  firing  pin.  / 
the  shell  loaves  the  barrel^  the  ampule  overcomes  the  resistance  of 
the  spring  by  inertial  forces  and  is  demolished  as  a  result  of  strong 
impact  against  the  tip  of  the  firing  pin.  The  electrolyte  flows  over 
the  electrode  block  co  produce  an  element  that  provides  the  required 
cur^’ent  to  supply  the  transmlt-recelve  unit. 

Radar  fuses  are,  in  addition  to  the  above-coiisldered  parts,  also 
equipped  with  self -destroying  fuses  tdiich  are  actuated  if  the  fuse 
falls  to  detonate  in  the  proximity  of  the  target;  in  addition,  radar 


fuses  incorporate  a  safety  device  which  eliminates  the  possibility  of 
accidental  fuse  activation  prior  to  firing. 

FIRE-COhrPROL  EQUIPMENT 

Firing  against  aerial  targets  differs  significantly  from  the  or¬ 
ganization  and  theoretical  execution  of  firing  against  water  and 
coastal  targets. 

Aerial  targets  fly  at  great  velocities,  are  small  In  size,  and 
remain  only  for  brief  periods  of  time  in  the  firing  zone.  These  fea¬ 
tures  make  operations  against  aerial  targets  more  difficult  and  affec' 
the  design  of  the  fire-control  equipment,  as  well  as  methods  and 
operations  of  anti-aircraft  artillery. 

Operations  against  aerial  targets  call  for  exact  knowledge  of  lav 
governing  target  and  projectile  motion. 

As  is  well  known,  a  projectile  does  not  fly  a  straight  line,  bu' 
rather  describes  a  curved  trajectory.  Tills  trajectory  consists  of  an 
ascending  branch  which  reaches  to  the  peak  of  the  trajectory,  and  of  a 
descending  branch  which  ocmoludea  with  projectile  impact.  For  firing 
against  aerial  targets  only  the  ascending  branch  of  the  trajectory  is 
significant,  so  that  the  time  fusoa  Intended  for  operations  against 
aerial  targets  are  designed  and  coMtruoted  exclusively  for  this  por¬ 
tion  of  the  trajectory. 

We  will  subsequently  deal  with  the  elMMnts  of  the  trajectory  in 
a  rectangular  coordinate  system  which  does  not  taloe  rolling  motion 
into  consideration  (Fig#  20).  Ihe  line  OZ  connecting  the  weapon  and 
the  target  is  known  as  the  slant  range.  The  angle  e  between  the  line 
OZ  and  the  horizon  is  known  as  the  target  elevation  angle. 

Since  the  projectile  does  not  move  in  a  straight  line,  but  rather 
over  a  curved  trajectory  which  passes  thiroiq^  the  target,  additional 
elevation  of  the  gun  barrel  is  required  and  this  smst  oorreapond  to  the 
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n»agnltu«Je  of  the  angle  of  target  elevation.  Thla  additional  elevation 
Is  a  function  of  firing  range.  The  angles  through  which  the  barrel  of 
the  weapon  wnst  additionally  be  raised  are  known  as  the  election  cor¬ 
rection.  Itie  Sian  of  the  target  elevation  angle  e  and  the  elevation  cc. 
rectlon  a  Is  denoted  as  the  elevation  angle  cp.  In  order  to  hit  the  tar 
get,  the  barrel  of  the  weapon  must  be  raised  through  this  angle  from 
the  horizontal  position.  On  firing  the  barrel  elevated  through  the 
angle  (p  is  forced  out  of  Its  Initial  position  as  a  result  of  the  de¬ 
veloped  forces.  The  resulting  .^gle  co  Is  known  as  the  angle  of  Jump. 
The  sum  of  (p  and  w  accordingly  forms  the  quadrant  angle  of  departure 
at  which  the  projectile  leaves  the  barrel  on  firing. 


On  ships  ths  stMsp  eons  of  antl-slroraft  weapons  is  restricted  in 
the  horlzmtal  plane  by  the  superstructures  of  the  ships  and  In  the 
vertical  plane  primarily  by  the  dsslgri  of  the  weapon  itself.  As  a  rule, 
the  naxlmuffl  barrel  elevation  amounts  to  8^^.  The  zone  formed  by  the 
ascending  trajectory  branches  in  the  sweep  zone  Is  known  as  the  zone 
of  range  limits.  This  zone  Is  shown  In  Fig.  21,  no  horizontal  llmlta- 
tions  having  been  taken  into  consideration  here. 

The  z<me  of  rai^e  limits  for  anti-aircraft  weapons  can  be  repre- 
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Fig.  21.  Zone  of  range  limits  and 
effective  zone.  1)  Zone  of  range 
limit;  2)  dead  zone;  3)  effective 
zone. 

sented  In  three-dimensional  form,  and  the  ascending  branches  of  the 
trajectory  can  be  rotated  360®  about  the  vertical  axis  which  can  be 
Imagined  to  pass  through  the  weapon.  The  surface  formed  as  a  result 
forms  the  extreme  limit  of  the  space.  The  Inside  space  limit  Is  pro¬ 
duced  by  the  rotation  of  the  ascending  branch  of  the  trajectory  through 
the  above -men  tlcmed  vertical  axis  with  a  barrel  elevation  of  83^.  The 
volume  element  about  the  vertical  axis  -  this  element  bounded  by  the 
Inside  space  limit  -  is  knswR  as  the  dead  sene.  It  is  impossible  to 
fire  at  targets  in  this  asm.  fits  firing  sene  lies  within  the  region 
of  the  zone  of  rsngs  lisiti  the  firing  sene  refers  to  the  space  in 
which  the  points  of  dstsnstisn  for  prejsttlles  equipped  with  time  fuses 
may  be  found.  Xn  terms  of  dimensions  the  firir«  zone  is  smaller  than 
the  zone  of  range  limit. 

Thus  we  have  established  that  there  exists  for  every  anti-aircraft 
weapon  a  limited  sene  within  which  it  is  possible  to  fire  at  aerial 
targets.  In  ord^r  to  hit  the  target,  the  barrel  must  be  aimed  in  both 
the  vertical  and  the  horizontal  planes* 

The  horizontal  olghtltig  angle  Is  comprised  of  the  actual  heading 
angle  the  lateral  deflection  of  the  target,  the  action  of  the  fir¬ 
ing  ship  during  the  period  of  projectile  flight,  and  from  a  ntssber  of 


corz*ectlon8  that  are  functions  of  the  meteorological  and  aea-motlon 
conditions.  The  vertical  sighting  angle  consists  of  the  firing  ran^ 
and  a  ntanber  of  correcticM'is  which  must  be  converted  Into  angular  quan* 
titles.  The  correction  for  range  takes  Into  consideration  the  varlatv 
In  range  d’orlng  the  period  of  projectile  flight,  the  diminution  of  air 
density,  the  reduction  In  the  Initial  velocity  of  the  projectile,  the 
effect  of  roll,  and  that  of  other  magnitudes. 

Through  consideration  of  all  corrections  the  sighting  angles  are 
divided  into  total  horizontal  and  ^otal  vertical  sighting  angles  (th*-- 
angles  were  earlier  denoted  as  elevation  and  traverse  quantities).  Foi 
operations  against  aerial  targets  the  weapons  must  be  aimed  In  accord¬ 
ance  with  these  total  sighting  angles.  These  angles  are  derived  by 
means  of  the  fire-control  equipment. 

Modern  fire-control  equipment  consists  of  a  large  number  of  com¬ 
puters  vdiose  operation  Is  rigorously  dependent  on  one  another.  This 
equipment  functions  In  conjunction  with  the  technical  observation  fa¬ 
cilities  and  Is  connected  through  remte-uontrol  systems  to  the  re¬ 
quired  combat  •control  and  WMpon  positions.  The  equipment  at  a  fire- 
control  installatlm'i  !•  diit^lbutod  on  tho  basis  of  the  purpose  for 
which  It  Is  intended  ovei^  d  wide  range  of  combat  atations. 

Synchro  and  foll#w«tip  ayviema  nra  uaad  for  the  transmission  of 
the  various  values  from  tha  taohnleal  obsarvatlon  atations  and  command 
posts  to  the  oomputera  and  far  tha  ramota  control  of  equipment  and  ms- 
chlnory. 

synchro  ^staaui  tnsuro  tho  tMporary  coincidence  of  angular 
deflections  on  the  part  of  several  shafts  that  are  not  mechanically 
connected,  and  also  the  transmission  of  values  to  the  equipment. 

Since  the  operational  accuracy  of  the  synchro  systems  Is  s  func¬ 
tion  of  the  load  applied  to  the  corresponding  receiver,  the  latter  can- 


not,  in  practical  terms*  be  loaded. 

Follow-up  systems  which  produce  an  adequate  mcwnent  of  rotation  at 
the  shaft  of  a  vertical  gyro  are  used  for  the  automatic  Introduction 
of  quantities  to  the  equipment  or  machinery.  The  follow-up  systems  ca:^, 
for  this  reason*  also  be  regarded  as  moment  amplifiers. 

^e  follow-up  systems  are  subdivided  into  induction  follow-up  and 
contact  follow-up  systems. 

In  the  case  of  an  Induction  follow-up  system  the  selsyn  converts 
the  magnitude  of  the  angle  into  an  electrical  signal  and  txcnsmits  th: . 
to  the  pickup  electrically  connected  to  it.  The  pickup  controls  a  ver¬ 
tical  gyro  upon  receipt  of  the  electrical  signals  through  an  ampllflc'’ 
Ihe  vertical  gyro  is  intended  to  work  out  the  quantities  defined  by 
the  pickup  and  automatically  provides  for  the  Input  of  the  values  to 
be  transmitted  into  the  corresponding  equipment.  Ihe  amplifier  is  de¬ 
signed  to  Intensify  the  eleetriral  signal  of  the  pickup*  this  signal 
having  the  function  of  oontroXlli^  the  operation  of  the  vertical  gyro. 

The  contact  follow-up  syatMMi  ore  intended  for  the  synchronization 
of  the  positions  of  mtehanloally  unesnaaetad  shafts.  The  follow-up  sys¬ 
tems  control  the  vortleal  gyro  hp  ■Mas  9t  s  contactor. 

The  oontaot  rollaw-up  apstSM  do  not  turn  the  shaft  of  the  selsyn 
and  the  vertical  gyro  tynohrMoitsly.  syaohroniiation  of  the  eisyn 
and  vertical-gyro  shafts  ooours  only  after  oonplatlon  of  the  rotation, 
nie  oontaot  follow-i9  systsas  bsosas  synchronised  only  after  the  posi¬ 
tion  of  the  oontrol  elaaient  has  been  oonpletely  transnitted. 

On  the  other  hand«  the  Induotlon  follow-up  systema  transmit  the 
values  to  be  transmitted  synchronously  and  in  esaenoe  are  thus  similar 
to  a  synchro  system. 

The  fire-control  systems  osn  be  subdivided  Into  automatic  and 
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simplified  systems. 


Automatic  fire-control  ayat^ns  calculate  the  data  required  to  hit 
the  target  on  the  hasla  of  Information  received  from  the  observation 
stations,  all  meteorological  and  ballistic  correctloiis  taken  into  con¬ 
sideration  here.  The  simplified  systems  on  the  other  hand  take  Into 
consideration  only  a  portion  of  the  corrections  and  In  part  operate  on 
the  basis  of  estimated  Initial  values. 

The  following  major  pieces  of  equipment  are  part  of  an  automatic 
system; 

•  the  circular-scan  direction-finder  station  which  is  simultane¬ 
ously  employed  for  target  allocation; 

•  the  artillery  radar  station  which  supplies  the  Initial  data  for 
the  canputerj 

•  the  computer  which  Is  employed  to  solve  .he  target  firing  prob¬ 
lem; 

•  the  remote -control  mechanism  for  the  automatic  aiming  of  the 
weapon; 

•  the  firing  circuit  and  a  number  of  auxiliary  instruments. 

.Obserya  t  ion 

Radar  stations  at  tha  pvaaent  tlaa  represent  the  chief  forms  of 
observation  and  targe t«Mie«t ion  eqpiipMSOt.  Optical  instruments  today 
fall  Into  tha  eatagory  of  raoarva. 

Radar  statlona  oan  pvooido  oiroular  aoannli^  for  prolonged  periods 
of  time  and  oan  deteet  and  raeognisa  fast-aovlng  targets  within  a  range 
of  several  hundred  kilometers,  ragardleaa  of  the  meteorological  condi¬ 
tions.  Tha  effective  range  with  respect  to  low-flying  targets,  however, 
is  limited  by  the  Immediate  x^nge  of  visibility.  Radar  stations  which 
are  employed  for  target  Indication  In  addition  to  observation  transmit 
electrically  the  position  of  the  datectad  target  to  tiio  artillery  imdar 
stations  which,  after  receipt  of  tho  target  Indication  track  the  mcmen- 


ttry  actual  target  and  emit  the  target  coordinates  with  a  high  degree 
of  accuracy. 

Dai;^ter  Instruments  (oscilloscopes  showing  data  from  a  distant 
radar  unlt)«  cmnected  to  radar  observation  stations,  are  set  up  at 
command  posts  and  important  combat -operations  headquarters.  Thus  the 
individual  in  charge  of  fire  control  or  the  commander  is  in  a  position 
to  evaluate  the  air  situation  on  the  basis  of  the  radar  picture. 

The  main  elonenta  of  a  radar  station  include  the  follov;lng: 

•  the  transmitter,  with  antenna: 

•  the  transmlt-recelve  switch; 

•  receiver  unit  with  oscilloscope. 

The  transmitter  and  the  receiver  operate  with  the  same  antenna.  A 
transmlt-recelve  switch  can  be  used  to  connect  either  the  transmitter 
or  the  receiver  to  the  antenna.  Lumped  electromagnetic  waves  are  emit¬ 
ted  by  the  transmitter  and  t'iese,  after  striking  the  surface  of  a  tar¬ 
get,  are  reflected  and  again  picked  up  by  tne  receiver. 

A  radar  station  seeka  a  target  In  a  manner  similar  to  that  of  a 
searchlight.  Since  the  direction  of  the  beam  is  established,  the  bear¬ 
ing  and  target  alssatiaii  can  be  dsttnained. 

Since  the  vslneity  nf  prapapt&an  far  slsetronagnetic  waves  is 
known  to  us  (v  ■  300«000  IIMmmi)  m  Will  ti  the  time  (t)  to  Uw  return 
of  the  emitted  slCMl»  wo  can  aaaily  dstarmlns  the  range  to  the  target 
by  multiplying  ^  swd  She  produet  of  these  quantities  im>4t,  however, 
be  halved  in  the  determinatleii  of  terget  range,  since  in  the  time  t 
the  signal  covers  the  diatanee  to  the  target  and  then  returns  to  the 
ship.  The  raiq^e  to  the  target  is  thus  determined  according  to  the  fol¬ 
lowing  formula;  «  l/2v*t. 

The  propagation  velocity  of  eleotromagnetic  waves  is  great  and 
therefore  the  time  to  the  reception  of  the  slipial  reflected  from  the 
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target  Involves  only  tenths  or  hundredths  of  a  second.  For  this  reason 
the  process  of  antenna  switching  from  reception  to  transmission  and 
vice  versa  must  proceed  in  millionths  of  a  second. 

Through  the  continuous  switching  on  and  off  of  the  transmitter, 
reflected  signals  are  constantly  being  received.  The  small  time  differ 
ences  are  naturally  beyond  the  range  of  simple  measuring  devices  and 
oscilloscopes  must  therefore  be  employed  for  this  purpose  fFlg.  22). 


Fig.  22.  Oscilloscope.  1)  Control 
grid;  2)  anode;  3)  oscilloscope;  U) 
electron  source  (cathode);  3)  de¬ 
flecting  electrodes. 

The  electron  beam  repreaents  nothing  but  a  beam  of  electrons  moving 
from  the  cathode  to  the  anode.  The  Inside  front  wall  of  the  oscillo¬ 
scope  Is  coated  with  a  material  that  glows  at  the  point  struck  by  an 
electron  beam.  This  eleotron  beam  oan  be  controlled  jo  as  to  be  de- 
fleeted  either  to  the  right  or  to  the  left,  or  It  may  be  deflected  up 
or  down.  A  pair  of  vertical  and  horizontal  deflecting  electrodes  Is 
used  for  this  purpose.  The  operating  principle  of  these  deflecting 
electrodes  Is  based  on  the  fact  that  the  electrons  are  attracted  to 
positively  charged  plates  and  repulsed  by  negatively  charged  plates. 
For  example,  If  the  left  vertical  plate  Is  positively  charged  and  the 
right  vertical  plate  negatively  charged,  the  electrems  are  attracted 
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tv)  the  Iftft  plate  and  the  electron  beam  passing  betv/een  the  plates  la 
deflected  from  its  Initial  position  to  position  A.  If  the  plates  are 
oppositely  charged,  the  electron  beam  Is  deflected  to  position  B. 

Analogously,  the  electron  beam  can  be  affected  by  horizontal 
plates  so  that  given  appropriate  chart es  the  electron  beam  can  be  de¬ 
flected  to  position  C  or  position  D  (Pig.  22). 

The  charge  on  the  vertical  plates  can  be  acted  upon  so  that  a 
glowing  horizontal  line  AB  Is  attained.  If  the  length  of  this  line  Is 
10  cm  and  a  thousandth  of  a  second  Is  required  to  cover  this  distance, 
the  scale  for  the  determination  of  the  time  at  which  the  reflected  slg 
nal  Is  to  return  can  be  determined. 

As  the  receiver  picks  up  the  reflected  signals  It  charges  the  up¬ 
per  horizontal  plate  positively,  causing  the  electron  beam  to  deflect 
upward  and  this  deflection  becomes  visible  on  ^he  scope.  The  pulse 
emission  is  tuned  to  the  horizontal  motion  of  t.  le  electron  beam  so 
that  the  pulse  la  emitted  from  the  transmitter  at  the  Instant  of  time 
at  which  the  electron  beam  has  attained  its  ext^’eme  position,  l.e.,  at 
the  time  at  which  the  glowing  spot  Is  opposite  the  zero  indication. 

Hie  reflected  signals  are  picked  up  by  the  receiver  at  brief  time 
Intervals  and  a  continuous  field  of  deflections  Is  formed  on  the  scope 
with  the  last  deflection  being  most  clearly  recognizable.  As  the  recep 
tlon  time  for  the  reflected  signals  changes,  a  corresponding  change  in 
the  position  of  the  deflection  can  be  seen  on  the  oscilloscope. 

The  deflection  csn  be  used  to  determine  the  time  required  for  the 
reflected  signal  to  complete  the  return,  and  thus  It  becomes  possible 
by  means  of  the  above-cited  formula  to  calculate  the  distance  to  the 
target.  The  calculation  of  the  elapsed  time  Is,  however.  Inefficient 
and  consumes  considerable  time.  For  the  more  rapid  determination  of 
target  range,  a  range  scale  which  takes  the  determined  scale  Into  con- 
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slderatlon  Is  marked  directly  on  the  oacllloacope,  rather  than  time 
markings. 

Let  the  prominent  Indication  on  the  oscilloscope  correspond  to  a 
tenth  of  a  millisecond.  Which  range  will,  in  this  case,  correspond  to 
this  time  period?  This  can  be  calculated  as  follows: 

^  SCOOOO't  300000.0,0001  ... 

D. - J—  - ^ - Hkm. 

In  other  words,  an  over-all  measuring  range  for  one  millisecond 
corresponds  to  an  over-all  range  of  I50  km. 

After  the  calculated  values  have  been  marked  on  the  scope,  it  oe- 
comes  possible  to  read  off  the  target  range  without  any  further  compu¬ 
tation  (Fig.  22). 

If  not  Just  one  but  several  targets  are  located  In  the  direction 
in  which  the  beam  Is  radiated,  each  target  forms  Its  own  reflected 
pulse  and  the  corresponding  deflections  appear  on  the  scope. 

Optical  instruments  such  as  targe v- Indication  sights  and  range 
finders  are  uc  d  in  addition  to  radar  stations  for  purposes  of  detec¬ 
tion  and  target  Indication. 

Artillery  Radar  Stations 

Stabilized  fire-control  stations  are  employed  for  purposes  of  de¬ 
tection  and  the  transmission  of  target  coordinates.  It  Is  the  function 
of  the  fire-control  stations  to  traok  the  target  continuously,  to  de¬ 
termine  the  coordinates  constantly,  and  to  transmit  these  coordinates 
to  the  coBiputer  center  for  purposes  of  c.isbllng  the  latter  to  resolve 
the  target  firing  problem. 

Instruments  for  Computation  of  Inl^^^lal  Firing  Data 

Die  luost  Important  Instruments  designed  for  the  oMiputatlon  of 
initial  firing  data  are  housed  at  the  computer  center  and  lnclu(te  the 
computer,  the  coordinate  converter,  the  fire-control  equipment,  the 
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flrlnc  circuit,  and  others.  Of  the  above -enumerated  instruments,  the 
computer  is  the  most  important.  This  unit  solves  the  firing  problems 
relative  to  aerial,  water,  and  coastal  targets  and  determines  the  set¬ 
tings  for  the  weapons,  without  taking  roll  into  consideration.  In  addi¬ 
tion,  the  computer  provides  the  fuse  setting  for  firing  against  aerial 
targets. 

The  coordinate  converter  transforms  the  computer-derived  firing 
angles  into  total  firing  angles  for  which  roll  has  been  taken  Into 
consideration,  and  these  are  subsequently  transmitted  to  the  weapons. 
The  determination  of  the  firing  angles  In  the  computer  and  in  the  co¬ 
ordinate  converter  la  a  continuous  and  automatic  process. 

Laying  Mechanisms 

Naval  weapons  are  fitted  out  with  Instruments  and  mechanisms  which 
can  be  employed  for  purposes  of  aiming  at  aerial,  naval,  and  coastal 
targets  on  the  basis  of  the  derived  values.  The  aiming  [sighting]  pro¬ 
cedure  can  proceed  automatically,  semi-automat ically,  or  manually,  and 
the  weapons  are  fitted  out  with  appropriate  receiver  units  from  which 
the  settings  can  be  read  off  (Fig.  23).  All  of  these  receiver  units 
are  synchronized  with  the  computer  center. 

With  automatic  aiming  the  weapons  can  be  set  into  firing  position 
by  means  of  remote  control  without  interference  on  the  part  of  the  gun 
layexw.  In  the  case  of  semi-automatic  aiming  the  sighting  angles  workeo 
out  at  the  oonq;>uter  center  are  synohronoxisly  transmitted  to  the  re¬ 
ceiver  Instruments  mounted  at  the  weapons.  The  coarse  and  fine  reading 
scales  of  the  receiver  instnuaents  are  needed  because  it  is  Impossible 
to  mark  all  calibrations  on  an  exact  scale.  Each  scale  division  in  the 
case  of  the  coarse  reading  scale  corresponds  to  a  magnitude  of  100  TD 
(a  thousandth  of  the  distance),  and  each  scale  division  of  the  fine 
reading  scale  amounts  to  1  or  2  TD.  Frequently,  the  esqpresslon  TD  is 
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Pig.  23.  Receiver  units,  l)  Recelv'er 
(total  horizontal  sighting  angle); 

2)  fine  reading  scale;  3)  coarse 
reading  scale;  4)  receiver  (total 
vertical  sighting  angle);  5)  receiver 
(fuse  settings). 

also  rendered  as  scale  divisions.  A  scale  division  Is  equivalent  to 
3.6  minutes  of  arc.  With  a  complete  rotation  of  the  fine  reading  scale 
the  coarse  reading  scale  shifts  through  a  single  scale  division.  In 
the  case  of  fine  reading  one  generally  speaks  of  small  scale  divisions 
v/hereas  In  the  case  of  coarse  reading  the  reference  Is  to  large  scale 
divisions. 

Pointers  are  seated  on  the  rotor  axes  of  the  receivers  and  corres¬ 
ponding  Indication  inarkez*8  have  temporarily  been  applied  to  the  sta¬ 
tors.  During  the  course  of  the  aiming  process  the  pointers  are  rotated 
through  the  magnitude  of  the  received  firing  settings.  The  receiver  In¬ 
struments  are  tuned  so  that  Its  Indicators  [pointers]  and  Indication 
markers  are  set  at  zero  when  the  barrel  of  the  weapon  at  zero  degrees 
elevation  coincides  in  direction  with  the  plane  of  the  ship  diameter. 

The  stator  of  the  receiver  Is  mechanically  connected  to  the  correspond¬ 
ing  elevating  and  traversing  mechanisms.  3y  turning  the  elevation  and 
traversing  mechanism  drives,  the  gun  layers  align  the  calibrations 
with  the  Indicators  on  the  rotors  and  thus  Impart  the  desired  position 
to  the  weapon.  If  the  actual  Indicator  calibration  Is  aligned  at  the 
corresponding  pointer,  a  red  signal  lamp  flashes. 
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In  a  number  of  fire-control  systems  the  calibration  markings  of 
the  receiver  are  permanent.  In  this  case  the  rotors  of  the  receivers 
are  mechanically  connected  to  the  elevation  and  traversing  mechanisms. 
Upon  receipt  of  the  total  sighting  angles,  the  Indicators  are  deflected 
through  corresponding  magnitudes  from  the  permanent  calibration  mark- 
ings. 

Here  again  the  gun  layers  align  the  Indicators  and  calibration 
markings,  thus  setting  the  barrel  of  the  weapon  Into  the  required  posi¬ 
tion.  The  gun  layers  must  continuously  align  the  coarse- reading  Indi¬ 
cators  first  with  the  permanent  calibration  marking,  and  then  carry  out 
the  alignment  of  the  fine-scale  indicator. 

The  continuous  transmission  of  sighting  data  and  the  alignment  of 
the  needle  position  relative  to  the  calibrations  keeps  the  weapons  con¬ 
tinuously  directed  in  accordance  with  the  sighting  angle  worked  out  at 
the  computer  station.  In  addition,  the  weapons  are  equipped  v;lth  spe¬ 
cial  receivers  which  are  marked  with  scales  Indicting  the  fuse  set¬ 
tings.  The  construction  ox"*  such  a  receiver  Is  similar  to  that  of  the 
sighting  data  receivers. 

Peripheral  Instruments 

The  weapons  are  fitted  out  with  Instruments  for  transmission  of 
commemds  and  with  switches  by  means  of  which  the  various  firing  cliv 
cults  can  be  effected,  corresponding  to  the  position.  In  addition,  the 
weapons  have  firing  blocks  aiwl  limitero  which  prevent  firing  In  unde- 
slred  directions.  Frequently,  weapons  are  fitted  out  with  simplified 
fire-control  mechanisms.  Every  weapon  Is  provided  with  sights  which 
may  be  employed  Independently  against  visible  aerial,  naval,  and  coast¬ 
al  targets  In  the  event  of  a  breakdown  in  the  fire-control  equipment. 
Remote  Controls 

Follow-up  systems  were  dealt  with  briefly  in  the  previous  section. 
These  are  also  known  as  remote- control  systems.  These  systems  are  em¬ 
ployed  to  aim  weapons  automatically,  rapidly,  and  accurately  on  the  ba¬ 
sis  of  the  Initial  data.  This  sighting  procedure  is  possible  because  In 
the  case  of  remote  control  involving  power  drives  the  electrical  pulses 
transmitted  by  the  flz^-control  equipment  are  converted  Into  mechanical 
work  which  Is  utilized  to  drive  the  sighting  mechanisms. 

Since  the  electrical  pulses  which  are  carried  from  the  coordinate 
transfozmer  to  the  receivers  are  too  weak  In  order  to  perfoxm  useful 
work,  they  are  applied  to  amplifiers.  The  pulses  are  amplified  In  the 
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Flj^.  24,  Remote  controls.  1)  Transmitter;  2)  receiver;  3)  amplifier;  4) 
dynamo-electric  amplifier;  5)  servomotor;  6)  remote  control  with  elec¬ 
trical  Dower  drive;  ,7)  servodrlve;  8)  hydraulic  unit;  9)  hydraulic  mo¬ 
tor;  10;  remote  control  with  electrohydraullc  drive, 

amplifiers.  Then  these  pulses  are  transmitted  to  the  control  units 
which  complete  the  aiming  operation  by  means  of  the  power  drives  (Fig. 
24).  The  power  drives  can  be  subdivided  Into  electrical  and  electrohy- 
draulic  drives. 

In  the  case  of  electrical  power  drives  the  signal  voltage  from  the 
amplifier  Is  also  applied  to  a  dynamo-electric  amplifier  where  it  Is 
again  amplified  and  applied  to  the  servomotor  that  Is  connected  to  the 
corresponding  sighting  mechanism.  At  the  present  time  It  Is  the  elec¬ 
trohydraullc  drives  that  are  primarily  In  use,  with  the  electric  motor 
of  the  latter  connected  to  a  hydraulic  velocity  regulator  (the  hydrau¬ 
lic  drive)  which  can  be  used  to  achieve  constant  changes  in  the  sight¬ 
ing  speed.  In  this  case  the  signal  from  the  amplifier  is  carried  over  a 
corresponding  control  unit  and  converted  there  into  mechanical  work. 
This  work  Is  used  by  the  hydraulic  drive  which  consists  of  the  hydrau¬ 
lic  unit  and  the  hydraulic  motor  (Fig.  2^).  The  shaft  of  the  hydraulic 
motor  is  connected  with  the  sighting  mechanism  provided  for  this  pur¬ 
pose.  The  hydraulic  unit  and  the  hydraulic  motor  are  connected  to  one 
another  through  the  pressurized  oil  lines.  The  shaft  of  the  hydraulic 
unit  transmits  the  rotational  motlm  to  the  cylinder  block  through  a 
linkage.  The  cylinder  block  Is  provided  with  boreholes  through  which 


tho  pistons  move.  The  piston  rods  are  connected  to  the  drlveshaft.  The 
bottom  cylinder  castings  have  oval  orifices  through  which  the  oil  1." 
either  drawn  In  or  pressed  out,  corresponding  to  the  motion  of  the  plc- 
tons.  Thte  cylinder  block  can  change  position.  This  change  In  position 
Is  achieved  through  a  control  unit  provided  for  this  purpose.  V/hen  the 
driving,  motor  drives  the  shaft  of  the  hydraulic  unit  at  constant  veloc¬ 
ity  and  the  drlveshaft  forma  a  certain  angle  with  the  piston  rods,  the 
pistons  execute  both  rotational  and  translational  motion.  During  the 
course  of  a  single  shaft  revolution  each  plstlon  reciprocates  once  be¬ 
tween  the  hindmost  and  foremost  positions.  The  pistons  v;hlch  move  to 
the  rear  during  the  rotational  motion  draw  In  oil  during  this  phase  an j 
those  which  move  forward  press  the  oil  Into  the  pressure  lines. 


Pig*  25*  Conttruotlon  and  operation  of 
a  hydraullo  drive.  1)  Drlveshaft;  2)  pis¬ 
ton  rod;  3)  piston;  4)  oil  pressure  line; 

3)  bottoB  oyllnder  eastlngsi  6)  cylinder 
blook;  7)  hydraullo  unit;  8)  hydraulic  mo¬ 
tor. 

The  platMi  stroke  Is  a  function  of  the  angle  of  the  hydraulic  unit. 
The  larger  the  angle,  the  greater  the  piston  stroke  (a)  and  correspond¬ 
ingly  the  drawn  in  quantity  of  oil.  If  the  angle  has  a  value  of  zero, 
oil  Is  neither  drawn  In  nor  forced  Into  the  lines,  regardless  of  the 
rotational  motion  of  the  drlveshaft.  The  oil  passes  Into  the  pressure 
lines  from  the  cylinders  of  the  hydraulic  unit  through  the  distributor 
housing  and  then  moves  from  the  lines  Into  the  cylinders  of  the  hydrau- 


11c  motor  where  it  exerts  the  corresponding  pressure  against  the  pis¬ 
tons  of  the  hydraulic  motor. 

In  terms  of  design  the  hydraulic  motor  Is  similar  to  the  hydraulic 
unit.  The  difference  lies  In  the  fact  that  the  hydraulic  motor  forms  a 
permanent  angle  with  the  end  of  the  shaft,  whereas  the  hydraulic  motor 
develops  maximum  efficiency.  The  pressure  P  is  transmitted  from  the 
pistons  through  the  piston  rods  to  the  end  of  the  shaft.  The  force  P  is 

composed  of  the  components  N  and  T  because  of  the  angle. 

The  actual  component  N  Is  applied  to  the  point  of  piston-rod  en¬ 
gagement  and  forms  the  tangent  at  the  arc  of  the  circle  that  is  des¬ 
cribed  by  the  rotational  motion  of  the  ends  of  the  piston  rods  in  the 
distributor  housing. 

The  components  N  thus  produce  the  rotational  motion  of  the  shaft 

end.  The  angular  velocity  of  the  shaft  end  is  a  function  of  the  quanti¬ 

ty  of  oil  that  is  forced  Into  the  cylinder  block  of  the  hydraulic  motor 
per  unit  time.  The  direction  of  nhaft-end  rotation  Is  a  function  of  th'" 
angle  of  the  hydraulic  unit.  This  angle  may  be  negative  or  positive; 
this  determines  the  corresponding  direction  of  rotation. 

The  electrohydraullc  drives  exhibit  high  efficiency  and  ensure 
great  sighting  speeds  of  sufficient  accuracy. 

FIRING  PREPARATION 

Modern  aerial  targets  are  extremely  fast  and  as  a  result  spend  out 
a  short  period  of  time  In  the  firing  zone.  This  circumstance  alters  the 
initial  data  for  firing  very  rapidly  and  makes  It  necessary  to  attack 
aerial  targets  with  effective  fire,  without  zeroing  In.  Extensive  and 
thorough  preparations  are  therefore  necessary  for  operations  against 
aerial  targets.  These  preparations  Include: 

the  preparation  of  all  materials; 

the  preparation  of  the  fire-control  equipment; 
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and  the  preparation  of  the  ammunition. 

The  success  of  the  firing  operation  depends  In  great  measure  on 
the  quality  of  the  preparatory  work. 

The  firing  preparation  In  the  case  of 
anti-aircraft  artillery  of  medium  caliber 
can  be  divided  Into  preliminary  preparation 
(prior  to  detection  of  target)  and  final 
preparation  (after  receipt  of  target  indi¬ 
cation). 

Preliminary  preparation  involves  all 
corrections  that  affect  the  firing  proce¬ 
dure,  although  these  are  Independent  of  the 
target.  It  Is  during  this  period  of  prepar¬ 
ation  that  the  weapons  are  checked  out,  the  fire-control  equipment  con¬ 
nected,  and  the  ammunition  cleared.  The  preliminary  preparation  is  ib- 
dlvlded  Into  ballistic  and  meteorological  preparation.  Normal  ballistic 
conditions  require  that  the  barrels  be  new,  that  the  propellant  charge 
coincide  with  tabular  values,  that  the  temperatures  of  the  propellant 
charges  amount  to  +13^  C,  and  that  the  weight  and  shape  of  the  shells 
coincide  with  the  speolfloatlons.  Nomal  meteorological  conditions ,  on 
the  other  hand,  stipulate  that  the  wind  speeds  for  all  altitudes  be  cf 
zero  value,  that  the  air  density  oolnolde  with  the  tabular  values,  and 
that  the  air  pressure,  temperature,  and  humidity  coincide  with  the 
previously  determined  values. 

Tne  meteorological  preparation  Is  undertaken  In  accordance  with  a 
"Balta"  report  (Balta  m  ballistic  dally  correction)  that  Is  transmitted 
periodically  for  purposes  of  canputatlon.  If  the  degree  of  barrel  wear, 
propellant -charge  temperature,  shell  weight,  and  changes  in  meteorolog¬ 
ical  factors  are  known.  It  becomes  possible  to  determine  appropriate 


Fig.  26.  Solution  of  the 
firing  problem. 


corrections  from  corresponding  tables  In  order  to  derive  the  percentag* 

changes  In  the  muzzle  velocity  AVo^^^  for  the  given  Instant  of  time  an* 

to  derive  the  total  deviation  In  air  density  (ALDo„,_)  from  normal  con 

sum 

dltlons. 

All  of  these  corrections  are  fed  into  the  computer.  In  the  case  ol 
firing  without  a  computer,  these  correction  factors  can  be  taken  Into 
consideration  only  partially.  Th^  final  preparation  begins  with  receip' 
of  target  Indication  and  concludes  with  the  computation  of  the  spatial 
lead  point  A  at  which  the  shell  and  the  target  will  meet  (Fig,  26). 

O’ 

The  computation  of  this  lead  point  Is  known  as  the  solution  of  th-, 
firing  problem.  The  fire-control  equipment  has  the  function  of  ascer¬ 
taining  the  coordinates  of  the  lead  point  at  which  the  target  and  th<. 
missile  are  to  meet.  In  order  to  determine  the  lead  point  A  it  Is  nec- 

O’ 

essary  to  determine  the  motion  of  the  target  exactly,  and  also  to  as¬ 
certain  the  muzzle  velocity  during  the  preliminary  preparation  for  fir¬ 
ing. 

Tlie  motion  of  the  target  Is  established  by  the  artillery  radar 
stations,  with  continuous  monitoring  of  the  Instantaneous  target  coor¬ 
dinates  (range,  bearing,  and  target  elevation).  The  time  required  for 
the  determination  of  the  instantaneous  target  coordinates  is  known  s'* 
the  observation  time  tg.  For  the  actual  solution  of  the  firing  prorlem, 
for  the  transmission  of  the  computed  data  to  the  weapons,  and  for  the 
loading  and  sighting  procedures  a  time  t^  Is  required,  this  time  known 
as  the  operating  time.  In  addition,  the  flying  time  tp  of  the  missile 
to  the  lead  point  must  be  taken  Into  consideration.  The  operating  time 
t^  and  the  flight  time  tp  together  total  the  so-called  lead  time  t^ 
(Pig.  26). 

It  Is  advantageous  to  keep  this  time  as  low  as  possible,  in  order 
to  diminish  the  effect  of  changes  In  taiget  motion,  since  otnerwlse  the 
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firin'  problem  cannot  be  colved  exactly. 

The  nature  of  target  motion  during  the  period  of  the  load  time 
must  be  established  on  the  basis  of  a  thorough  study  of  the  tactical- 
engineering  characteristics  and  deploirent  practices  of  enemy  aerial 
targets.  In  this  case  we  speak  of  target -mot Ion  hypotheses. 

There  are  a  numoer  of  such  target-motion  hypotheses.  Frequent  use 
was  made  of  the  hypothesis  according  to  whlcli  the  target,  during  the 
lead  time,  moves  along  a  straight  line  and  without  evasive  action  In 
any  plane.  3uch  a  hypothesis  provides  adequate  ciiaracuerlzal ion  o.’  tar¬ 
get  motion  and  permits  the  solution  of  the  firing  problem  against  both 
horizontal-flying  targets  and  dive  bombers. 

In  addition  to  the  target  coordinates,  the  parameters  of  motion 
must  be  known  in  order  to  solve  the  firing  problem,  l.e,,  it  is  neces¬ 
sary  to  know  the  magnitudes  which  determine  bhe  nature  of  the  target's 
nictlon  together  with  the  instantaneous  coordinates.  The  target-motion 
parameters  are  determined  In  the  computer,  and  this  determination  Is 
based  on  the  rate  of  change  for  the  instantaneous  coordinates. 

In  the  case  of  ships  not  fitted  out  with  fire-control  equipment, 
the  motion  parameters  of  the  tai^et  are  estimated.  The  firing  problem 
Is  resolved  cai  the  taels  of  the  aearared  Instantaneous  coordinates  aru 
bhe  derived  motlcm  paruieters  of  the  target,  the  lead  triangles  A„OA., 
and  A'OA'i  being  construe  ltd  In  thta  case,  the  lead  point  A  (Fig.  26) 
then  being  calculated*  Xt^  nodtm  flre-oontrol  Installations  the  firing 
problem  is  solved  for  the  horlsontal  plane,  while  the  light  anti-air¬ 
craft  artillery  solves  the  firing  problem  In  the  slant  plane  by  means 
of  automatic  and  front  ring  sights.  The  coordinates  of  the  lead  point 
calculated  In  the  computer  are  transmitted  to  the  coordinate  transfor¬ 
mer  where  the  rolling  motion  of  the  ship  is  taken  Into  consideration. 
The  total  firing  angles  are  transmitted  from  the  coordinate  transformer 
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by  means  of  follow-up  syetems  to  the  elevation  and  traversing  mechan¬ 
isms  of  the  weapons  and  the  barrels  are  aligned  so  that  the  projectiles 
meet  the  carget.  The  detonation  of  the  projectiles  at  the  point  A  Is 
ensured  either  by  means  of  a  time  fuse  which  Is  set  In  accordance  with 
the  firing  range  determined  by  the  computer,  or  It  Is  ensured  by  means 
of  a  radar  fuse  which  Is  actuatad  in  the  vicinity  of  the  target.  In  the 
event  of  a  failure  on  the  part  of  the  C(Mnputer  or  if  no  such  equipment 
is  available,  the  weapons  are  sighted  on  the  basis  of  the  elevation  and 
lead-point  values.  The  sights  are  set  for  these  magnitudes  or  the  mag¬ 
nitudes  can  be  determined  by  means  of  special  sights  if  the  weapons  are 
appropriately  equipped.  The  final  preparation  is  thus  a  combination  of 
several  operations,  whose  function  it  la  to  determine  the  initial  val¬ 
ues  for  the  first  salvo.  Individually,  these  operations  Involve: 
the  determlr^ition  of  the  instantaneous  target  coordinates; 
the  deri  ’atlon  of  the  target  motion  parameters; 
the  solution  of  the  firing  problem; 

the  determination  of  the  final  sighting  data  for  the  weapons; 
and  the  detenslnttlon  of  the  fuse -setting  values. 

The  final  Uittlol  volufi  aim  than  fod  to  the  weapons;  the  latter 
?an  than  be  aimed  «id  lemdi^ 

Zn  dynanio  teime  the  entile  plP909iuf  then  unfolde  ae  followet  af- 
,ev  the  target  has  been  detaetei  by  the  ahlp,  th&*  jofibat  aurm  is  given 
ind  the  ortw  assures  its  oambmt  and  oonmand  etatloiis.  All  weapons  and 
eohnloal  faollltles  i  ^  letdlOd  for  ooMt  end  Infonsatlon  pertaining 
0  target  indication  Is  provided  by  the  main  oonmand  poet.  Target  indl- 
:ation  serves  slmultantansouily  aa  the  oonmand  to  ^n  fire.  Upon  re- 
eipt  of  tlM  target  indication  the  individual  in  oharga  of  the  firing 
>rooedure  Isauea  the  eerraaponding  ordara*  The  flre-eentrol  e^ipmant 
eglns  thm  computation  of  the  initial  data.  Slmultaneoasly,  the  flee  of 

•  62  — 


amiBunltlon  Is  started.  The  salvos  are  fired  at  the  prescribed  rate  of 
fire.  No  firing  corrections  are  undertaken.  The  individual  in  char^  of 
the  firing  operation  only  observes  the  effectiveness  of  the  fire 
against  the  target. 


1  2 


Pig.  27.  Anti-aircraft  artillery  fir¬ 
ing  operations.  1)  Accompanying  fire; 
2)  barrage  fire;  3)  barrage. 


Indications  of  firing  effectiveness  are  cl\;rer  target  damage  or 
violent  target  maneuvers.  If  the  detonation  points  are  In  the  vicinity 
of  the  target.  The  firing  operatlm  Is  halted  as  soon  as  the  target  is 
damaged  or  after  the  target  has  left  the  firing  zone.  The  firing  is 
stopped  at  the  oosaMMl  HittersT,  oea^  firing*" 

Depending  on  the  altoatlaBt  firing  nay  be  carried  out  in  a  - 
oordanoe  with  varlena  iKitlifidei  goiliiatiyinf  fire  le  the  basic  method, 
the  detonation  pelnta  eanttiittfliiial.  folleiflng  the  target  in  this  case. 
The  firing  Is  emouted  in  eilvee  In  aeaerdanee  with  a  predetermined 
rate  of  fire.  Firing  in  oelvea  demnds  dlsolpllned  performanoe  on  the 
part  of  the  gun  orewa  and  fiellltatei  obaervation.  The  initial  data  for 
each  salvo  are  worked  out  either  by  means  of  the  fire-control  equipment 
or  taken  from  tables.  If  the  firing  procedure  la  being  carried  out  by 
means  of  such  tables.  This  SMthod  is  extremely  exact  and  may  be  em¬ 
ployed  for  operaticrs  against  any  aerial  targets. 

Another  method  involves  the  firing  of  barrages  (fig.  27)*  Ttila 
method  Is  eisploydd  when  a  surprise  aerial  attack  is  under  My  and  no 
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tiM  Is  available  for  the  preparation  of  the  flre-oontrel  c^lpilNM* 
Baoh  barrage  conelata  of  a  nunber  or  ealvoa  with  an  exact  foaa  aattlMif 
We  apeak  of  a  nobile  barrage  when  we  move  from  one  barrage  to  ane^art 
with  a  determined  number  of  ealvoa  fire  per  barrage.  last  barrage 
la  designated  aa  a  nOTmoblle  barrage «  since  the  fuae  setting  of  this 
barrage  la  employed  until  the  target  is  either  damaged  or  leaves  the 
firing  area.  Nonmoblle  and  mobile  barrages  combine  to  form  the  so- 
called  barrage  firing  whose  density  can  be  increased  by  the  firing  op¬ 
erations  of  the  large -callbex*  weapo'iS  of  heavy  battleships.  The  baz*rag- 
es  are  fired  at  a  maximum  rate  of  fire. 

Automatic  weapms  are  used  for  operations  against  rockets^  pursuit 
bomber  aircraft j  dive  bombers,  and  torpedo  aircraft  which  operate  at 
a7.tltudes  below  3500  meters  and  represent  direct  danger  to  the  ship. 
Surprise  and  the  short  duration  of  the  aerial  attacks  impose  great  re¬ 
quirements  upon  the  weapon  crews,  crews  snaet  be  thoroughly  familiar 
with  tne  deployment  chixmcterlstlcs  of  the  enemy  air  force,  they  must 

be  able  to  wox4c  rapidly,  and  they  miat  be  in  a  position  to  conduct  time 

♦ 

and  accurate  firing  eperatlang* 

Preparatian  for  fil^  fly  fdlgillie  saapons  alao  conelets  of  pre- 


llalMiy  WM  nm  ipiimillpiji: 

MMMUir.  m  liWW'ili’iiUtWtMii  t  autcMtlo 
that  are  not  fittag  9^  ijiliiaat  tha  aptad  of  the 

target  and  tha  mli  0  tha  sanga  baing  basad  on 


inforaatisn  fvaa  a  mm  aatiaatad, 

Tha  praparataay  agargtigga  griga  ta  firing  ahauld,  if  at  all  poe- 
sibit,  b#  eanoludad  upan  tnlff  0  tlit  targat  aithin  ths  rings  of  ths 
weapon.  Continusas  fira  Is  tha  baaia  aattiod  aaployad  with  autonatlo  wsa* 
pons  when  firing  sgiinst  aerial  targits.  Depending  on  the  range,  long 
or  short  bursts  art  fired  and  tha  mtamsdiata  periods  of  tias  are  usad 


for  fire  corrections.  Upon  receipt  of  target  indication  the  individual 
In  charge  of  the  firing  operation  Issues  the  corresponding  ccanmande. 

The  gun  layers  set  the  speed,  range,  and  angle  of  dive  on  the  automatic 
sight,  the  gun  loader  feeds  the  anmunltlon,  and  firing  can  then  be  com¬ 
menced. 

Aboard  a  ship  fire  control  may  be  carried  out  from  a  central  point 
or  it  may  be  decentralized.  In  the  case  of  centralized  fire  control, 
the  Individual  In  charge  of  the  firing  operation  oversees  -all  vjeapons 
simultaneously,  whereas  In  the  case  of  decentralized  fire  control  the 
weapons  are  used  by  batteries  or  In  groups. 

If  possible,  the  fire  of  several  ships  should  be  concentrated 
against  a  single  aerial  target.  In  this  case  we  speak  of  concentrated 
fire,  which  produces  the  most  rapid  successful  results. 

Anti-Aircraft  Rockets 

Modem  aircraft  and  rockets  exhibit  outstanding  tactical  flight 
characteristics  which  are  expressed  particularly  In  high  speeds  and  al¬ 
titudes.  As  a  result  operations  against  such  targets  with  conventional 
artillery  Is  extraarainarlly  dlffloult  and  Inposslble  at  high  altitudes. 

The  poaltive  dafinae  of  ahlpa  at  sea  against  aerial  attacks  de- 
iHinds  that  aettan  ht  tiia  tnaay  air  force  at  a  point  ir 

tlna  at  whloh  the  ailia^  ftlU  St  considerable  distances 

fron  the  tafftt. 

The  antl«alMfift  roeiiat#,  rapfasantlng  a  new  stage  in  the  devel- 
opnent  of  antl-alpesaft  fiaillties#  art  urtapms  capable  of  satisfactor¬ 
ily  meeting  this  requlrraant. 

The  dealgn  of  apeeial  antl^^troraft  rockets  had  been  started  in 
many  countries  as  tarly  as  the  World  War.  Initially,  these  involved 
react Ion -thrust  proieotlles  without  automatic  control  systems,  these 
projectiles  capable  of  carrying  lari^  charge  loads  very  rapidly  to 
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their  targets.  Detonatl<m  was  acconpllshed  by  means  of  radar  fuM8  In 
the  pr<»ctalty  of  the  target.  These  Initial  designs  were  superoected  by 
antl««lroraft  rockets  equipped  with  automatic  control  and  guidance  sys* 
terns. 


Fig.  28.  Dual  launching  site  for  the 
Terrier  rockets  aboard  the  US  Navy 
cruiser  Canberra. 


The  range  and  altitude  of  antiaircraft  rockets  considerably  ex¬ 
ceed  those  of  conventional  anti-aircraft  artillery.  The  electronic 
equipment  used  in  the  target -aeeking  heads  and  the  great  flight  speeds 
of  the  antl-aireraft  roeheta  ailHi  it  possible  not  only  to  operate 
against  eneay  airtsift  but  tlio  to  maintain  a  defense  capability 
against  guided  paislit  . 

From  the  tattlAi^  rockets  are  classified 

as  groimd^it  ar  Mtjliitii*  AAti«aireraft  rockets  are  used 

aboard  a  wide  Msars  af  ihlf  aliiiiSt 

Anti«airsralt  roshats  sHitbit  ojMSllent  aerodynanlc  pr^rtles 
which  pemlt  of  high  flight  velaeitlss*  The  electronic  equipment  of  the 
target -seeking  heads  and  the  aaticontsct  fuses  automatically  detonate 
the  explosive  charge  in  the  pfpsailalty  of  the  target. 

Antl>«lrcraft  rockets  are  launched  from  special  launching  sites 
which  are  mounted  aboard  ship  deck*  The  launching  sites  are  fitted  out 
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with  guide  rails  by  means  of  which  the  rockets  during  the  launching 
procedure  assume  the  required  Initial  direction.  In  addition,  the 
launching  sites  are  provided  with  the  technical  facilities  for  loadlri", 
aiming,  and  stabilization.  It  Is  the  function  of  the  stabilization  fac¬ 
ilities  to  eliminate  the  pitch  and  roll  motions  of  the  ship  in  order  to 
facilitate  the  launching  and  guidance  procedures.  The  elevation  and 
traversing  mechanisms  are  similar  In  design  to  tne  elevation  and  tra¬ 
versing  equljMnent  of  [conventional  ]  anti-aircraft  weapons.  The  launching 
sites  are  aimed  automatically  on  the  basis  of  information  received  from 
the  fire  -control  Installations. 

Unlike  the  situation  with  artillery  weapons,  in  the  case  of  the 
launching  sites  there  are  no  recoil  forces  and  for  this  reason  the 
foundations  must  not  be  constructed  as  stably  as  otherwise.  The  launch¬ 
ing  sites  may  be  provided  with  a  single  guide  rail,  although  there  are 
versions  with  two  and  four  rails.  The  gxm  mount  for  the  launching  of 
rockets  Is  executed  In  the  shape  of  a  cylinder,  the  pivot  bearing 
mounted  In  the  upper  half  of  thie  oyllfutef*  This  half  can  rotate  through 
360^.  Tie  gun  mount  is  oomstoM  to  the  foundation.  The  trunni¬ 
ons  seated  in  the  p|f«t  guide  rails  (Fig.  28).  The 

elevation  and  tmeeiftoi  ^  rotation  of  the  upper  half 

of  the  gun  mount  «lid  thi  giiiing  of  the  guide  rails  are  housed  In 
the  gun  mount,  as  art  all  of  tha  eablao.  The  maximum  elevation  of  the 
guide  rails  amounts  to  TIm  rookst  magaalne  is  situated  beneath  the 
launching  Inatallatlonsi  the  rockets  are  raised  by  means  of  elevators. 

During  the  loading  procedure  the  guide  rails  are  raised  Into  ver¬ 
tical  position  and  are  then  positioned  perpendicular  to  the  elevator 
shafts.  Ihe  lower  portion  of  the  guide  rails  is  wedge  shaped  and  as 
they  snap  Into  pcuiltlmi  the  covering  hatch  of  the  elevator  shaft  Is  au* 
tomatlcally  opened.  The  advancing  rockets  tlide  Into  the  guide  rails  to 
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the  top  stopping  block  and  In  this  manner  assume  the  firing  posltlui 
(Fli'.  29).  Either  one  or  two  rockets  can  be  launched  simultaneously* 

Tests  have  demcaistrated  that  the  anti¬ 
aircraft  rockets  have  assumed  thti  leading 
position  In  the  aerial  defense  of  ships* 

The  downing  of  the  U-2  reconnaissance  air¬ 
craft  over  the  Soviet  Union  on  1  May  i960 
demonstrated  the  superiority  of  Soviet  an¬ 
ti-aircraft  rockets.  In  addition  to  the 
positive  characteristics,  rockets  naturally 
also  exhibit  a  number  of  shortcomings. 
Rocket  guidance  systems  may  be  subject  to 
Interference  on  the  part  of  special  sta- 

Fig.  29.  Dual  launch-  tlons.  The  rate  of  fire  is  none  too  great 

Ing  site  In  loading 

position*  The  Terrier  and  restricts  their  utilization,  partlcu- 

rockets  are  taken  from 

both  sides  of  the  larly  in  the  ease  of  the  sudden  appearance 

shafts  and  Inserted  In¬ 
to  the  guide  rails.  of  Iw-flying  aircraft  and  rockets*  In  this 

case  the  ccmventlonal  anti-aircraft  artillery  comes  into  action  and 
serves  to  overcome  this  drawhaok*  At  the  present  tine  there  exist  a 
variety  of  guidance  systMSi  for  rookets*  These  include  prograimned,  re¬ 
mote -cont  relied «  target -eeekiiig,  and  eceftined  guidance  systems* 

In  the  ease  of  prograMied  guidance*  the  rocket  is  guided  to  the 
target  in  accordance  with  a  predeteneined  program.  All  instruments  pro¬ 
vided  for  guidance  purposes  are  housed  directly  aboard  the  rocket* 

In  the  case  of  remote -control  guidance,  however,  conMnde  are  is¬ 
sued  to  the  on4>oard  instruments  from  a  control  center  situated  outside 
of  the  rocket* 

In  the  case  of  target -seeking  guidance,  the  target -seeking  heads 


ensure  the  exploitation  of  heat,  radar,  optical,  or  similar  target  con 
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trasts.  In  order  to  achieve  a  significant  Increase  In  hit  probability 
on  the  part  of  the  rocket,  target -seeking  guidance  [homing]  Is  general¬ 
ly  employed  In  the  last  phase  of  the  flight. 

Combined  guidance  consists  of  a  combination  of  the  above -went loned 
systems  (e.g. ,  programmed  and  homing  guidance,  or  remote -control  and 
homing  guidance).  In  the  case  of  antx-alrcraft  rockets  it  Is  the  remote 
control  and  homing  guidance  systems  that  are  generally  encountered. 

In  the  case  of  a  remote -control  system,  the  simplest  system  Is 
command  guidance.  The  operator  keeps  the  motions  of  the  rocket  and  the 
target  under  observation,  transmits  certain  commands  to  the  rocket  by 
means  of  radio  and  these  are  received  by  the  receiving  unit  of  the 
rocket.  The  control  surfaces  are  actuated  correspondingly  by  means  of 
power  drives  and  the  rocket  Is  guided  to  the  target  (Fig.  30), 


Vis*  30*  Command  guidance  system. 

1)  Taroat  track  radar |  2)  command 
link!  3)  computer)  4)  missile 
track  radar* 

When  using  comsmind  guidance,  mlselle  track  and  target  track  radar 
units  are  put  Into  operation  and  on  the  basis  of  the  information  sup¬ 
plied  from  these  the  velocity,  altitude,  and  heading  of  the  target  can 
be  determined,  and  the  required  guidance  signals  can  be  worked  out. 
However,  cmly  a  single  rocket  can  c<»itinuously  be  guided  toward  a  tar- 
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Pig.  31*  Beam-rider  guidance.  1)  Missile 
track  radar. 

get  with  this  system,  thus  signlficui.tly  reducing  the  probability  o* 
hitting  the  target. 

Another  guidance  procedure  for  anti-aircraft  rockets  Involves  tne 
continuous  and  automatic  maintenance  of  the  rocket  in  the  radar  beam  of 
a  radar  station.  The  target  is  continuously  tracked  with  this  narrow 
radar  beam.  The  radar  station  thus  serves  the  double  function  of  track¬ 
ing  both  the  target  and  the  rocket  as  well  as  guiding  the  rocket  (Fig. 
31).  The  on4>oard  inatruwmta  invent  the  rocket  from  leaving  the  radar 
beam  and  thus  guide  the  ro^et  to  the  target.  The  advantage  of  this 
procedure  lies  in  the  fgat  that  ttMi  radar  beam  may  be  employed  simul¬ 
taneously  for  the  guidance  of  saveral  rockets  to  the  ta:*get,  thus  s 
nificantly  raising  the  pi^obability  of  hitting  the  target. 

Target -seeking  (hcaing)  ensures  high  probability  of  hit,  even 
against  ssMill  targets  executing  evasive  maneuvers. 

The  healing  procedures  can  be  subdivided  into  three  form^,  l.e. , 
passive,  active,  and  senlactive. 

Passive  homing  (target  seeking]  involves  a  procedure  in  which  the 
homing  head  of  the  roclwt  is  set  to  react  to  a  certain  target  contrast. 
This  may  be  based  on  heat,  electromagnetic  waves,  light,  or  sosm  slni- 
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lar  contrast.  The  angle  between  the  dlrectlcn  of  rocket  motion  and  the 
bearing  to  the  target  Is  determined  In  the  homing  head,  and  by  means  of 
corresponding  control -surface  variations  the  rocket  Independently  Is 
guided  toward  the  target  contrast. 

The  active  guidance  system  Is  based  on  the  exploitation  of  the  ra¬ 
dar  principle.  A  miniature  transmitter  Is  built  Into  the  rocket  and 
this  emits  electromagnetic  waves  in  a  clearly  defined  sector.  Should 
targets  appear  in  this  sector,  the  reflected  signal  is  picked  up  by  a 
receiver  in  the  rocket  and  this  receiver  correspondingly  serves  to  ac¬ 
tuate  the  control  surfaces  and  thus  guides  the  rocket  to  the  target 
(Pig.  32). 


Saalaotlva  hcalng  gul4iito«  also  ralles  on  the  utilization  of  the 
radar  prlnolple*  although  In  thla  oaae  the  rocket  le  fitted  out  only 
with  a  receiving  unit.  The  ealaalon  of  eleotromagnetic  waves  is  the 
function  of  the  radar  unit  provided  for  this  purpose  aboard  the  ship. 

The  reflected  signal  ia  piokad  up  by  the  receiving  unit  in  the  homing 
head.  The  rocket  rooeivtr  aervee  to  actuate  tne  control  surfaces  and 
guides  the  rocket  to  the  target.  Anti-aircraft  rockets  carry  large  demo¬ 
lition  c.iargea  which  are  capable  of  completely  destroying  any  aerial 
targets.  According  to  Infomation  from  the  press,  in  the  United  States 
the  anti-aircraft  rockets  of  the  Terrier  and  Talos  type  have  proved 
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themselves  ♦  i  be  the  most  suitable.  Aircraft  carriers,  cruisers,  des¬ 
troyers,  a  J  special  alr-defensc  ships  are  equipped  with  these  rockets, 
for  purposes  of  convoy  duty. 

The  slant  range  of  the  Terrier  I  rocket  Is  25  to  30  km,  the  maxi¬ 
mum  altitude  Is  at  around  14  km,  and  the  reports  indicate  a  velocity  of 
700  m/sec ,  The  Talos  anti-aircraft  rocket  exhibits  a  slant  range  In  ex¬ 
cess  of  100  km,  a  maximum  altitude  of  21  to  23  km,  and  a  flight  veloci¬ 
ty  of  up  to  1200  m/sec.  This  rocket  can  be  fitted  out  with  a  nuclear 
weapon  and  Is  not  Intended  for  operations  against  aerial  targets,  but 
rather  for  combat  operations  against  ground  and  large  surface  targets. 

Modernized  versions  of  the  aforementioned  rockets,  such  as  the 
Terrier  II,  the  Talos-W,  and  the  Talos-L  have  already  come  Into  being, 
and  these  exhibit  greater  range  and  velocities.  The  guidance  of  the 
Terrier  rocket  Is  of  the  beam-rider  variety  and  Involves  homing  guid¬ 
ance  at  the  terminal  phase  of  the  flight.  The  rate  of  fire  amounts  to 
2  rockets  per  guide  rail  per  minute.  The  rockets  are  launched  by  means 
of  a  solid  rocket  which  la  jettisoned  after  3  seconds.  The  continued 
flight  Is  powered  by  the  austalner  engine.  The  detonation  of  the  war¬ 
head  is  carried  out  by  Mans  of  a  noncontact  fuse. 

If  the  develofiwntal  vorlt  toward  Increasing  range  and  maximum  al¬ 
titudes  for  antl-olreroft  rockets  is  prooeedlng  on  the  one  hand,  par¬ 
ticular  attention  is  being  devoted  to  the  development  of  anti-aircraft 
rockets  for  operations  against  low-flying  targets. 

Ships  are  being  fitted  out  with  the  Sea-Cat  anti-aircraft  rockets 
in  Crest  Britain,  these  rockets  being  small  and  suitable  for  operatlcms 
against  low-flying  aerial  targets  (Fig.  33)* 

These  rockets  cmislst  of  a  booster  and  a  austalner  engine.  Ihe 
rockets  are  1473  sn  long  and  the  wingspan  Is  given  as  635  on. 

Command  guidance  Is  used  for  the  Sea-Cat.  The  operator,  by  means 
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Pig.  33.  Seaslug  type  anti-aircraft 
rocket  (similar  to  the  Sea -Cat)  after 
launching. 

of  an  optical  system,  determines  the  position  of  i he  taiget  upon  re¬ 
ceipt  of  the  target  Indication.  After  the  target  becomes  visible,  the 
operator  launches  the  rocket  and  by  means  of  commands  gulues  the  rocke^. 
toward  the  target;  in  this  case,  the  rocket  must  be  kept  continuously 
along  the  line  of  sight.  To  facilitate  observation,  the  rocket  Is  pro¬ 
vided  with  a  tracer  composition.  If  the  target  cannot  be  visually  de¬ 
tected,  only  a  radar  unit  can  be  employed  for  purposes  of  acquisition. 
The  operator  then  follows  the  radar  pulses  of  the  target  and  rocket, 
aligns  these,  and  guides  the  rocket  to  the  target. 

Each  firing  inatallatlon  haa  4  rockets  which,  however,  can  only  be 
launched  euceeealvely  and  guided  toward  the  target.  The  limited  practi¬ 
cal  sight  Irg  ranga  reatrlote  the  utilization  of  ^he  Sea-Cat  anti-air¬ 
craft  rockets,  since  no  more  than  two  launchings  can  be  carried  out 
against  fast -flying  aerial  targets. 

The  general  trend  in  the  development  of  anti-aircraft  rockets  Is 
toward  enlargement  of  range,  flight  velocity,  probability  of  hit,  and 
effectiveness  at  the  target. 

Effectiveness  at  the  target  Is  to  be  raised  through  utilization  of 
nuclear  weapons.  Accordingly,  American  specialists  are  of  the  opinion 
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that  nuclear  weapons  with  a  TNT  equivalent  of  800  to  i;000  Mp  [sic]  are 
suitable  for  rockets  of  the  ground-air  class,  since  with  such  a  weapc^i 
an  entire  bomber  group,  even  In  widespread  formation,  could  be  des¬ 
troyed. 

COMBAT  EXPERIENCE  IN  UTILIZATION  OF  AERIAL  COMBAT  FACILITIES 

During  the  2nd  World  War  the  air  forces  were  used  on  a  large  seal: 
at  all  fronts  and  by  all  navies  to  accomplish  a  great  variety  of  opera 
tlons.  The  air  force  proved  to  be  the  dominant  force,  and  carried  out 
unanticipated  strikes  against  targets  lying  deep  behind  the  enemy  llnet 
The  air  force  destroyed  military  ports  and  Important  rear  targets. 
The  air  force  played  a  great  part  in  the  number  of  ships  sunk  on  the 
high  seas  and  In  harbors. 

As  a  rule  the  capitalist  countries,  as  soon  as  they  had  adequately 
strong  air  forces  at  their  disposal,  began  to  conduct  the  war  with  aer¬ 
ial  attacks.  It  should  be  stressed  In  this  case  that  combat  ships  have 
always  been  the  main  targets  for  aerial  attack.  The  attacking  side  al¬ 
ways  seeks  to  infllot  losses  sfl^lnst  the  enemy  naval  forces  In  order  to 
gain  naval  superiority*  thus  to  tehleve  from  advantageous  conditions 
for  operations  on  the  iMkI*  The  ^  World  War  and  the  Great  Fatherland 
War  abound  with  exa«tlOS  dOMoiirtratlng  the  Importance  of  the  organiza¬ 
tion  of  air  defense  for  ahlpa  and  baaos. 

The  suooessful  aerial  attaofca  of  the  British  Royal  Air  Force 
against  the  Italian  military  port  ac  Taranto  in  November  of  19^0,  at 
which  t ime  3  Italian  battleships  and  2  cruisers  were  destroyed,  the 
Jaiianese  air  attack  against  Pearl  Harbor  In  December  of  19^1,  and  the 
sinking  of  the  English  battleship  Prince  of  Wales  and  of  the  battle 
cruiser  Repulse  can  be  attributed  to  the  exploitation  of  the  element  of 
iurprlse  and  to  the  excessively  long  time  required  for  the  attalrmient 
jf  combat  readiness  on  the  part  of  the  air-defense  facilities  of  thtss 
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ships  and  bases. 

An  exti’eracly  Instructive  example  Tor  poor  alr-defcnse  ori';anI-2atIon 
at  a  base  and  the  ships  harbored  within  Is  offered  by  tne  actions  of 
the  American  Navy  at  the  time  of  the  Japanese  air  attack  acalnst  the 
naval  base  at  Pearl  Harbor. 

On  the  eve  of  Japan's  entry  Into  th<^  wax-,  the  American  hlrh  com¬ 
mand,  In  recognition  of  the  Important  role  of  tie  Hawaiian  Islands,  re¬ 
called  the  Pacific  Fleet.  Pearl  Harbor  was  chosen  as  the  home  case  of 
the  fleet.  This  decision  resulted  in  a  iilgh  concentration  oi'  cot:. x  at 
ships  and  auxiliary  vessels  in  Pearl  Harbor.  As  a  result,  c  battleshl nr 
9  cruisers,  20  destroyers,  5  submarines,  and  auxiliary  vessels  -were 
concentrated  at  the  base  at  the  same  time. 

The  moorings  of  the  ships  were  totally  inadequately  from  the 
standpoint  of  air-defense  requirements.  The  ships  were  not  decentral¬ 
ized,  Seven  battleships  were  moored  at  the  docks  In  double  rows  and 
thus  offered  convenient  targets  for  an  air  attack.  The  moorings  were 
maintained  for  long  periods  of  time  and  were  not  changed.  Thus  the  Jap¬ 
anese  hl^  command  had  exact  Information  at  Its  disposal  with  respext 
to  the  number  of  ahipa  and  their  positions. 

There  were  sufficient  alr-d^fense  facilities  on  the  Island  of  Oahu, 
where  Pearl  Harbor  Is  situated,  but  because  of  a  lack  of  uniformity  !; 
the  orders  tliat  were  Issued  It  was  Impossible  organize  the  effect  :  ve 
coordination  of  these  facilities.  Although  Information  regarding  the 
readying  of  a  Japanese  air  attack  against  Pearl  Harbor  was  at  hand, 
aerial  reconnaissance  was  conducted  o>i  a  limited  scale  and  the  combat 
readiness  of  the  air-defense  facilities  of  the  naval  base  and  of  the 
ships  stationed  there  was  organized  completely  Inadequately. 

The  events  which  took  place  on  7  December  1941  at  Pearl  Harbor  are 
described  as  follows  In  the  book  entitled  ’’The  American  Aircraft  Car- 
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riers  During  the  Pacific  War"  by  Sherman* 

The  7^^  of  December,  19^1,  ma  a  Sundayt  The  officers  and  men  wer 
contemplating  how  best  to  take  advantage  of  this  resort  area*  The  regu 
lar  watch  was  on  duty  at  the  base  and  aboard  the  ships;  a  number  of  an 
tl-alrcraft  we&pcms  were  staffed  with  skeleton  crews.  A  great  portion 
of  the  ammunition  was  stored  In  the  magazines  and  was  not  available  fc 
Immediate  utilization.  The  morning  role  call  was  about  to  start  aboard 
the  ships  and  for  reasons  of  convenience  the  sailors  had  opened  a  num¬ 
ber  of  watertight  bulkheads  and  hatches.  As  usual,  the  call  for  the 
morning  formation  was  given  at  07:55  AM.  It  was  at  this  time  that  ur.  • 
Identified  alrc:'aft  appeared  over  Ford  Island  which  lies  In  the  center 
of  the  Pearl  Harbor  naval  base.  Within  a  short  time  additional  alrcrafi 
appeared  unexpectedly  from  all  directions.  Without  delay  the  aircraft 
began  to  release  bombs  and  torpedoes  against  the  heavy  ships  at  anchor 
at  the  docks  or  buoys.  The  Ijfidlvlduals  witnessing  these  events  were  un> 
able  to  believe  their  eyes.  Ten  aircraft  dived  against  naval -aircraft 
targets  on  VOrd  Island*  While  these  erployed  normal  combat  tactics  In 
attacking  the  aircraft  standing  an  the  runways,  other  aircraft  were  at¬ 
tacking  the  ahifs. 

The  Jhpaneae  hiidi  oMind  trailed  the  target  in  order  to  inflict 
the  greateat  poaaitle  lossea  on  the  Anerioan  Faoiflo  rieet  and  in  order 
to  prevent  their  own  loaaea  so  as  to  hsvs  supsriorlty  over  the  scene  of 
navel  opsrstlons.  In  oxdsr  to  prevent  their  premsturs  detection,  the 
Japanese  decided  to  employ  s  grouping  of  6  rnsll  fast  aircraft  oarriere 
with  extremely  well  trained  oretj  Ir  order  to  ensure  the  success  of  the 
extensive  sir  tttaok.  The  Japanese  were  thus  suoosssful  In  taking  full 
advantage  of  the  element  of  surprise* 

The  first  strike  of  the  Japanese  sir  foroe  was  ulrsetsd  sgsinst 
the  airfields  and  antl-alreraft  batteries  of  this  naval  hast,  and  at^* 
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Fig.  Pearl  Harbor  after  the  Japanese  air  attack  on  7  Decerrtwr  19^1. 
In  the  foreground^  the  burned  out  hulks  of  the  destroyers  Cassln  and 
Downes,  In  the  background,  the  damaged  battleship  Pennsylvania. 

sequent ly  the  Japanese  high  command  concentrated  the  strikes  against 
the  ships  lying  in  Pearl  Harbor*  The  attacks  were  carried  out  primarily 
by  aircraft  groups,  with  approximately  2  to  3  aircraft  designated  for 
each  ship.  The  torpedo  airoraft  approached  at  low  altitudes  below  300  r 
with  dlv-'  bombers  and  bomber  aircraft  attacking  simultaneously.  With 
the  first  attack,  a  number  of  battleships  suffered  one  or  more  torpedo 
hits.  The  dive  bombers  showered  the  heavy  ships  wilt,  bombs.  Between  the 
first  and  seccxid  attacks,  flights  of  aircraft  went  into  action  from 
four  directions. 

To  ensure  success,  the  second  and  third  strlkee  wore  carried  out 
with  a  great  nu-r.ber  of  aircraft,  the  third  strike  ending  at  lOtOO  hours 

In  order  to  conceal  the  position  of  the  aircraft  carriers,  upon 


completion  of  their  assignment  the  aircraft  flew  off  In  various  direc¬ 
tions. 

As  a  result  of  this  air  attack  the  American  navy  suffered  signifi¬ 
cant  losses  (Fig.  3^).  Four  (4)  battleships  were  sunk,  as  were  2  des¬ 
troyers,  a  mine  layer  and  an  old  battleship  that  was  being  used  as  a 
target  vessel.  Serious  damage  was  Inflicted  on  4  battleships,  many 
cruisers,  and  destroyers.  The  Navy  and  Marine  Corp  suffered  losses  of 
2835  men,  including  206o  dead.  The  Army  lost  6OO  men.  Moreover,  92  air¬ 
craft  of  the  Marine  Air  Corps  were  destroyed  and  31  damaged;  the  Army 
suffered  losses  of  96  aircraft. 

The  great  losses  can  be  attributed  to  weak  organization  of  air  de¬ 
fense  and  to  the  poor  level  of  training  for  the  artillery  personnel, 
since  defense  operations  against  small  aircraft  groupings  by  means  of 
anti-aircraft  fire  on  the  part  of  battleships  and  cruisers  should  not 
have  permitted  the  Inflicting  of  such  high  losses.  The  Japanese  losses 
were  insignificant.  They  amounted  to  29  aircraft,  one  submarine,  and  5 
mMget  submarines* 

An  example  of  poor  air -defense  organisation  on  the  open  sea  Is  the 
sinking  of  the  ftigllsh  battleship  Prlnee  of  Wales  and  of  the  battle - 
crjlser  Repulse  by  the  JUpanea^  Air  foroe  on  10  December  19^1,  as  these 
ships  were  to  undertake  operations  in  oon Junction  with  ground  forces 
along  the  Malayan  coast.  These  were  the  first  battleships  that  were 
sunk  during  the  course  of  the  World  War*  The  air  foroe  was  operat¬ 
ing  Independently  In  this  case  and  the  ships  were  under  way  In  full 
combat  readiness. 

The  Prince  of  Wales  was  a  modem  battleship  displacing  35#000  tons. 
The  ship  was  heavily  armored,  carried  ten  336-en  weapms,  and  a  large 
number  of  anti-aircraft  weapems.  The  cruiser  Repulse  was  armed  with 
3d0-mm  weapc»i8  and  with  heavy  anti-aircraft  artillery.  In  total,  the 
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cruiser  had  90  anti-aircraft  barrels  at  its  disposal. 

On  the  morning  of  10  December  19^1  one  of  the  four  flanking  des¬ 
troyers  spotted  a  squadi’on  of  9  alrcrai’t  at  an  altitude  of  jOOO  meters, 
moving  in  from  the  south-east  on  the  port  side.  Without  deviating  from 
their  course,  these  aircraft  attacked  the  chips  at  11:20  hours.  Despite 
the  timely  detection  of  t.he  targets,  the  anti-aircraft  weapons  delayed 
opening  fire,  and  this  naval  squadron  had  atsolutely  no  fighter  escort. 

With  the  first  approach  the  cruiser  Repulse  suffered  a  Lome  hi' 
and  burst  into  flames.  After  the  bombers  had  attacked,  the  torpedo  air¬ 
craft  followed.  One  torpedo  struck  the  stern  and  Inflicted  serious  dam¬ 
age  to  the  rudder  Installation.  Within  a  shor’-  period  oi‘  time  another 
group  of  torpedo  aircraft  appeared  and  this  group  an.acked  the  rattle- 
ship  Prince  of  Wales  and  inflicted  a  number  of  additional  hlt.s  on  this 
ship.  As  a  result  of  shipped  water  the  ship  started  to  list  heav'ily,  A 
third  torpedo  finally  ripped  the  stern  away  and  eliminated  completely 
the  ability  of  the  vessel  to  execute  evasive  maneuvers. 

Despite  the  heavy  anti-aircraft  fire  the  torpedo  aircraft  contin¬ 
ued  their  attack  and  climbed  rapidly  after  releasing  their  torpedoes  in 
order  to  get  out  of  the  artillery  range*  The  last  torpedo  strike  which 
crippled  the  Prlnoe  of  Wtlee  virtually  converted  It  into  a  target  ship; 
after  a  number  oP, tddlt t final  bwb  hlta,  the  battleship  keeled  over.  At 
the  same  time  the  cruiser  Repulse  was  struck  by  torpedoes  on  both  sides 
and  sank  soon  thereafter* 

The  Japanese  employed  simple  attack  procedures  In  this  operation, 
but  nevertheless  the  anti-aircraft  fire  was  opened  late.  A  number  of 
aircraft  were  able  to  dx'op  their  bombs  or  release  their  torpedoes  be¬ 
fore  the  start  of  the  anti-aircraft  firing.  This  resulted  in  favorable 
conditions  for  the  following  aircraft  groups. 

The  cited  examples  show  that  at  the  beginning  of  the  2nd  World  War 
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the  Americans  and  British  underestimated  the  utilization  of  air  power 
at  sea. 

The  Great  Fatherland  War  Is  rich  In  examples  of  air  defense. 

The  high  level  of  training  and  the  xtfatchfulness  of  the  anti-air¬ 
craft  troops  made  it  possible  successfully  to  frustrate  the  initial  air 
attacks  of  the  fascist  air  force  against  Murmansk,  Kronstadt,  Odessa, 
and  Sevastopol  by  means  of  the  air  defense  facilities  of  the  Navy. 

At  the  beginning  of  the  war  the  fascist  navy  was  extremely  acti\;e 
in  the  Baltic  and  Black  Seas,  and  in  addition  the  fascist  submarines 
and  surface  vessels  were  operating  In  the  Barents  Sea.  These  circumstan¬ 
ces  hindered  the  deployment  of  Soviet  combat  ships  and  made  life  at  trc- 
bases  difficult.  Ships  and  bases  were  continuously  subjected  to  enemy 
air  attacks. 

The  fascists  set  themselves  the  goal,  during  the  very  first  days 
of  the  war,  to  destroy  the  naval  power  through  extensive  air  attacks. 
They  Inflicted  heavy  strikes  against  bases,  bombarded  harbor  Installa¬ 
tions,  piers,  arsenals,  fuel  depots,  and  other  rear  Installations  Im¬ 
portant  for  the  fleet,  and  also  attaolnd  oonvoys  or;  the  open  sea. 

Air  defense  required  prtolso  opgiiilsation.  It  functioned  in  excm- 
plary  fashion  during  the  transfer  of  rrttlpa  from  Tallinn  to  Kronstadt  in 
August  1941, 

During  the  Great  Pitherland  War  a  large  part  of  the  Baltic  Fleet 
was  at  anchor  In  Tallinn  and  suffperted  ground  aerations  by  artillery 
fire,  thus  delaying  the  entry  of  the  fascists  into  the  capital  of  Es¬ 
tonia.  Because  of  superiority  in  terns  of  strength  and  facilities,  the 
fascists  were  able  during  the  first  half  of  August  to  reach  the  coast 
at  Narva  and  thus  to  surround  Tallinn  by  land.  Hie  ships  as  a  result 
were  serrated  from  their  own  ground  forces.  Hie  north  and  south  coasts 
of  the  Gulf  of  Finland  were  in  enemy  hands.  The  fleet  no  longer  was  in 
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possession  of  the  airfields  at  which  the  naval  air  foi'ces  were  pre¬ 
viously  stationed.  In  view  of  this  situation  approximately  200  ships 
and  transports  were  given  orders  to  break  through  the  Kronstadt.  This 
was  an  extremely  daring  operation. 

Taking  advantage  of  their  air  superiority,  the  fascists  attacked 
the  ships  continuously,  from  the  very  first  days  of  the  transfer  opera¬ 
tion,  and  showered  the  ships  with  bombs.  The  entire  burden  of  the  bat¬ 
tle  was  on  the  shoulders  of  the  ship  artillery  forces  v/ho  had  to  repel 
more  than  10  air  attacks  dally.  It  was  primarily  the  combat  ships  that 
were  subjected  to  air  attacks,  e.g. ,  the  flagship,  the  Kirov.  On  25  Au¬ 
gust  19-41  this  ship  was  attacked  eleven  times,  once  simultaneously  by 
approximately  50  aircraft.  On  this  day  136  bombs  were  dropped  on  this 
ship.  By  outstanding  maneuvering  and  with  effective  artillery  fire  the 
cruiser  was  able  to  withdraw  despite  the  attacks  of  the  fascist  air 
force. 

The  convoy,  which  consisted  of  transports  and  auxiliary  craft,  had 
a  particularly  difficult  day  on  29  August.  While  the  combat  ships  had 
extensive  antiaircraft  wtapcnry  at  their  disposal,  well  organized  air 
defense,  and  exhibited  relatively  high  speeds,  so  that  they  were  able 
to  aocaspllsh  the  trip  sueeeaafitlly»  the  sloe  moving  transports  and 
auxiliary  ships  on  the  other  handy  were  only  poorly  armed,  and  for 
theee  the  trip  was  psrtloularly  diffieult  and  dangerous.  The  fascist 
air  force  trailed  these  slow  sovlst  ships  throughout  the  entire  29^  of 
August. 

As  s  result,  for  example,  the  training  ahlp  Leningrad  Soviet  was 
subjected  to  100  air  attacks,  but  it  was  not  struck  by  a  single  bomb. 

The  transport  vessel,  the  Kazakhstan,  repelled  the  air  attacks  of 
the  enemy  throughout  the  entire  day  and  although  it  had  lost  power  the 
daring  and  energetic  actl<»i8  of  the  crew  made  It  possible  to  ext  In* 
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gulah  the  fires  that  had  been  set  and  to  rejMilr  all  damage* 

On  the  Got land -Kronstadt  leg*  the  ships  and  the  transport  vessels 
picked  up  the  fighter  escort  of  the  Navy  Air  Force.  As  a  result*  the 
fascists  ceased  any  further  action  against  the  convoy.  On  30  August  the 
ships  and  transports  reached  Kronstadt. 

The  enemy  sought  to  penetrate  the  city  and  his  operations  on  thw 
ground  were  closely  coordinated  with  his  strikes  against  the  ships  of 
the  Baltic  Red  Banner  Fleet.  In  the  short  period  of  time  from  21 
through  23  September  19^1  the  enemy  sent  400  aircraft  against  the  city 
of  Kronstadt  and  against  the  ships  at  anchor  in  the  roads. 

The  battleship*  the  October  Revolution*  during  the  months  of  Sep¬ 
tember  through  October  1941  withstood  more  than  30  massive  attacks. 

The  first  fascist  air  attack  against  Sevastopol  failed.  As  the 
fascist  aircraft  approached  the  vicinity  of  Sevastopol*  they  were  sur¬ 
prised  by  heavy  antiaircraft  fire  from  the  combined  facilities  of  the 
anti-aircraft  artillery  of  the  navy  base.  The  fascist  aircraft  could 
not  make  out  the  ships  and  targets  of  the  base  because  of  the  excellent 
camouflage.  Ttie  aircraft  drappid  their  bosihe  without  aiming  and  a  num¬ 
ber  of  the  aircraft  failed  t«  thalr  targets  at  all. 

However «  the  eitwgtllg  Ig  III  Utik  Set  eoen  underwent  a  temporary 
change.  The  fhieiiti  etieeeatfei Hi  tmihg  a  portion  of  the  coast  and  the 
Cripean  fenlneula.  Oieeea#  end  a  nmdoer  of  other  cities 

along  the  Blaok  Sea  were  beeieged  by  land.  The  eupply  of  weapons  end 
equipment*  ae  well  ee  other  mllitery  goode*  thus  was  only  possible  by 
see.  The  Havel  High  Command  implemented  ell  aeeeures  in  order  to  supply 
the  besieged  cities  with  personnel  end  materiel  from  the  Cauoasian 
coast  and  to  evacuate  the  wounded  as  well  as  the  civilian  population. 

The  fascists  employed  approsimattly  1000  airoraft  of  various  types 
from  the  Crimean  Peninsula  against  the  ships  of  the  Bleek  See  fleet* 
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Including  special  aircraft  for  operations  against  naval  targets.  Under 
these  circumstances,  the  artillery  personnal  aboard  the  ships  bore  an 
extremely  great  responsibility.  At  the  end  of  December  of  19^U  the 
Black  Sea  Fleet  carried  out  landings  In  the  port  cities  of  Kerch  and 
Peodosslya.  The  cruiser  Red  Crimea  and  Red  Caucasus  participated  In  the 
landing  Peodosslya.  Early  on  the  morning  of  29  December  1941  the  cruis¬ 
er  Red  Caucasus  tied  up  at  the  outside  Jetty  of  Peodosslya  under  enemy 
artillery  fire  and  disembarked  the  landing  forces.  The  cruiser  Red  Cri¬ 
mea  on  the  other  hand  disembarked  its  landing  troops  by  means  of  land¬ 
ing  Siilps  and  barges. 

After  the  landing  forces  had  been  dlsembai’ked,  the  cruisers  moved 
on  to  provide  artillery  support. 

With  the  coming  of  dawn,  the  enemy  air  force  went  Into  action,  and 
attacked  the  ships  continuously,  with  brief  Intervals.  The  air  attacks 
continued  throughout  the  entire  day,  lasting  until  the  onset  of  dark¬ 
ness.  JXirlng  this  period  the  cruiser  Red  Caucasus  was  attacked  fourteen 
times,  while  the  cruiser  Red  Crlswa  was  subjected  to  eleven  attacks. 
Through  outstanding  ntnsuvering  aeti<xi  and  intensive  artillery  fire  the 
ships  were  able  to  tmida  the  bonbs*  Becttuae  of  their  courage  and  resis¬ 
tance,  and  In  view  of  tholr  high  level  of  training,  the  crews  carried 
out  the  aaalgnMents  of  landing iiOMlbarlcatlon  and  support  without  per¬ 
mitting  any  aerioua  danagt  to  their  chips. 

The  voyage  of  the  flagihip  Tashkent  on  26  June  19^2  from  Novoros- 
■Ik  to  Sevastopol  during  ths  last  days  of  the  defense  of  this  city 
represents  sn  excellent  example  which  demonstrates  the  difficult  condi¬ 
tions  under  which  ooBbat  operatims  were  carried  out  against  the  enemy 
air  force  at  sea.  Despite  the  continuous  air  attacks  during  the  /oyage, 
through  maneuvering  and  intensive  anti-aircraft  fire  the  ship  was  able 
to  repulse  the  sir  attacks  and  to  supply  the  city  with  1000  tro<^8  and 
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important  war  materiel.  After  having  taken  on  2000  wounded,  the  ship 
left  Sevastopol  on  the  night  of  the  second  day.  In  a  period  of  four 
hours  86  aircraft  attacked  the  ship.  Outstanding  valor  and  mastery  of 
technique  made  It  possible  for  the  crew  to  carry  out  its  assignment. 

The  anti-aircraft  gunners  forced  the  enemy  through  their  intense  fire 
to  break  formation,  disrupted  a  directed  bomb  release,  and  downed  a 
number  of  enemy  aircraft.  The  assignment  was  carried  out  with  honor. 

In  order  to  reduce  the  effectiveness  of  the  enemy  air  attacks,  the 
ships  and  transport  vessels  of  the  Black  Sea  Fleet  laid  down  smoke 
screens. 

The  air  power  of  the  Black  Sea  Fleet  attacked  the  fascist  air¬ 
fields  and  other  important  targets,  thus  reducing  the  capability  of  the 
enemy  to  carry  out  bombing  attacks  against  ships  at  sea. 

The  heroic  behavior  of  the  battleship  Sevastopol,  of  the  cruisers 
Red  Caucasus  and  Red  Crimea,  the  flagships  Tashkent  and  Kharkov,  as 
well  as  of  a  number  of  other  ships  of  ttM  Black  Sea  Fleet  represents  a 
glorious  page  In  the  history  of  the  so^/iet  fleet. 

During  the  time  that  the  aoviat  artillery  was  engaged  in  bitter 
combat  with  the  aiMwy  air  fercNia  in  the  Baltic  and  Black  Seas,  their 
brothers  in  combat  in  the  Hr  tlirth  iitra  auceesafully  repelling  the 
fascist  air  attacks  against  the  naval  forces  in  ths  Barent  Sea  and  thus 
secured  the  sealanss  for  the  Allied  convoys. 

The  convoys  repx  tented  an  exeellent  target  for  enemy  attacks 
the  high  seas  and  particularly  during  unloading  operatlcms.  The  Arctic 
Fleet  did  a  terrific  job  in  defending  Its  own  transports  and  ships  as 
well  as  those  of  the  Allies  against  air  attack,  outstanding  knowledge 
was  demonstrated  by  the  artillery  persotmel  of  the  cruisers  Oremyashl, 
Sokrushltel'nyy,  Kuybyshev,  and  Urutskl  during  convoy  duty  in  the  Yel¬ 
low  Sea. 
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On  the  morning  of  18  September  1942  the  destroyer  Gremyashl  spot¬ 
ted  a  group  of  torpedo  aircraft  on  the  horizon,  approaching  In  low-lev¬ 
el  flight.  These  aircraft  attacked  the  corvoy  from  the  rear.  At  the 
same  time,  the  convoy  was  attacked  by  bombers.  The  ships  opened  fire 
with  all  weapons,  including  the  heavy  caliber  weapons.  A  total  of  35 
attacks  were  repelled,  and  the  destroyers  shot  down  5  aircraft  and  dam¬ 
aged  4.  At  the  same  time,  15  English  ships,  also  present  In  the  convoy, 
destroyed  10  enemy  aircraft. 

THE  ORGANIZATION  OF  AIR  DEFENSE  ABOARD  COMBAT  VESSELS  UNDER  CGIIDITIONS 
OF  MODERN  WARFARE 

The  extensive  development  in  the  facilities  of  aerial  attack  leads 
to  a  continuous  rise  in  the  potentials  of  employing  these  facilities 
against  naval  targets.  The  air  force  today  is  in  a  position  to  execute 
the  greatest  variety  of  assignments  and  can,  at  the  same  time,  achieve 
significantly  greater  results  than  were  possible  during  the  2nd  V/orld 
War. 

The  constant  danger  from  the  air  requires  the  utilization  of  rub- 
stantlal  means  of  air  defense  aboard  ships  in  order  constantly  to  en¬ 
sure  the  readiness  of  ships  for  air  defense.  More  modern  air-defense 
facilities  are  constantly  being  developed  and  new  protective  measures 
provided  for  the  seouns  defense  of  ships  against  aerial  attack.  Air  de¬ 
fense  today  is  regarded  as  one  of  the  most  Important  means  of  defense. 
Proceeding  from  the  oombat  potentials  of  the  means  of  aerial  attack,  it 
Is  the  oplnlw  In  the  capitalist  lands  that  air  defense  of  ships  at  sea 
under  modem  conditions  must  carry  out  the  following  tasks: 

the  execution  of  preparatory  strikes  against  the  air  facilities  of 
the  enemy  and  his  carriers j 

prompt  detection  of  aerial  targets; 

o«nbat  with  aerial  targets  by  means  of  anti-aircraft  rockets  and 
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convent lonal  anti-aircraft  artillery; 

employment  of  act  Ice  Interference; 

and  the  decentralization  of  naval  unite,  as  well  as  constant 
chance  of  position. 

Pursuit  aircraft  are  drawn  Into  the  air-defense  system,  and  these 
can  be  deployed  from  aircraft  carriers  or  fixed  positions;  In  addltloi. 
use  can  be  made  of  anti-aircraft  rockets,  the  anti-aircraft  artillery 
of  ships  and  bases,  and  finally  of  radar  facilities. 

The  radar  facilities  have  the  function  of  detecting  the  aerial 
targets  of  the  enemy  promptly,  uo  recognize  same,  and  to  keep  them  un¬ 
der  observation.  In  addition,  the  radar  facilities  are  extremely  Impoi 
tant  for  the  guidance  of  Interceptors  to  the  enemy  targets. 

The  pursuit  aircraft  Included  In  the  air-defense  system  of  ships 
at  sea  are  to  be  regarded  as  the  primary  striking  force.  These  aircraft 
must  constantly  be  ready  for  utilisation  and  must  be  capable  of  opera¬ 
tions  at  all  altitudes.  Die  Interception  and  aestructlon  of  enemy  air¬ 
craft  and  rockets  is  carried  out  by  so-oalled  interceptors  that  can  be 
guided  to  the  enemy  from  thliNi  or  from  apeoial  aircraft.  The  Intercep¬ 
tors  exhibit  extraerdinariXy  fKiat  veXoeities.  These  aircraft  are  fit¬ 
ted  out  with  autcMitio  radar  eqalplMiit.  Die  Interoeptloi  procedure  be¬ 
comes  autonatio  as  soon  as  tho  Intareoptor  has  been  guided  sufficiently 
close  to  the  target. 

If  the  situation  '.alls  for  suoh  sn  operation,  a  so-called  aerial 
alert  can  be  organised  ov^r  ships  at  sea  at  various  altitudes.  This  op¬ 
eration  is  employed  when  there  is  e  poselblllty  of  an  unexpected  aerial 
attack.  The  aerial  alert  operations  are  so  set  up  that  the  aircraft  can. 
In  shorx  order,  be  formed  to  meet  the  ene^  at  the  point  from  which  ha 
Ls  likely  to  strike. 

The  deployment  of  pursuit  aircraft  is  greatly  dependent  on  wtmtiMw 


conditions,  and  the  maneuverability  of  the  pursuit  Is  limited  bceau:;o 
of  the  threat  flight  velocities  and  these  aircraft  cannot  therefore  be 
employed  at  all  times  to  protect  the  ships  against  aerial  attack.  For 
this  reason  It  becomes  necessary  to  Include  other  I'acllltles  In  the  de¬ 
fense  system,  and  we  have  reference  here  to  such  weapo;is  anti-aircraft 
rockets  and  conventional  anti-aircraft  weapons.  At  low  altitudes  the 
utilization  of  conventional  anti-aircraft  weapons,  primarily  of  auto¬ 
matic  weapons,  is  more  advantageous  than  the  utilization  of  pursuit 
aircraft.  On  this  basis  the  air  defense  must  always  be  organized  so 
that  the  air-defense  facilities  can  always  be  employed  with  the  great¬ 
est  effect. 


Plg«  35*  Effective  air-defense  .:ones, 

1)  Effective  zone  (W«Z*)  of  pursuit 
aircraft;  2)  effective  zone  of  anti¬ 
aircraft  rockets j  3)  effective  zone 
of  antl>«lrcraft  artillery. 

The  autcMtlc  wea^cea  are  to  ha  uaed  primarily  for  operations 
against  low-flying  and  law-tttnoklng  targats  that  endanger  the  ship  in 
its  imnediate  vlolntty#  Of  eauraa«  antl-aliuraft  weapons  can  also  be 
used  for  targets  at  altltudea  betwaan  12,000  and  1^,000  meters,  al¬ 
though  the  combat  potentials  In  this  oaaa  are  exceedingly  limited.  The 
anti-aircraft  rockets  are  auptrlor  In  range  to  the  conventional  anti¬ 
aircraft  artlllary.  For  this  '^^aon  the  former  are  also  used  against 
distant  aerial  targats,  and  namaly  in  an  effective  zone  having  a  radius 
In  excess  of  30  km. 

As  a  rule,  outside  of  this  aoiM  it  is  the  pursuit  aircraft  that 
come  Into  qperatlw).  On  the  basis  of  the  combat  potentials  of  the  in¬ 
dividual  air-defense  facilities,  we  therefoi-e  distinguish  the  following 
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ones  of  the  air-defense  system: 

the  effective  zone  of  ths  anti-aircraft  artillery; 

the  effective  zone  of  the  anti-aircraft  rockets; 

and  the  effective  zone  of  the  pursuit  forces  (Pig.  3i^)« 

This  subdivision  is  necessary  so  as  to  prevent  the  mutual  Inter- 
erence  of  friendly  forces  and  facilities  In  the  defense  system. 

It  follows  clearly  from  the  aforesaid  that  the  air  defense  under 
indltlons  primarily  requires  good  organization  of  cooperation  among 
1  air -defense  forces. 

The  deployment  of  defense  facilities  available  to  ships  must  be 
jordlnatc-s  precisely  with  the  operations  of  the  pursuit  forces.  The 
tl-aircraft  artillery  of  ships  in  coastal  or  base  areas  must  operate 
coordination  with  the  ground-based  air-defense  forces. 

The  prompt  detection  of  aerial  targets  and  recognition  of  the  lat- 
r  becomes  particularly  Important^  because  the  prompt  establishment  of 
mbat  readiness  on  the  part  of  all  forces  and  air-defense  facilities 
pends  on  this.  Moreover,  the  defenae  units  should  be  informed  of  the 
ture  and  features  of  ths  spfrot^tog  tsrgsts,  since  the  proper  sclec- 
on  of  targets  also  plays  as  UfliPtaflt  role  in  ths  sueoessful  repul - 
on  of  ths  sttsoka 

0ns  of  the  moot  Istportant  Obsemtten  faellltles  used  aboard  ships 
the  afore^ntloned  radar  unit.  Hhaae  units,  howtver,  exhibit  only 
latlvely  llnltsd  range  and  Isave  but  llttls  tine  for  the  readying  of 
3  defense  facilities  of  the  ships*  lowsr  ths  altitude  at  which 
>  air  targets  irs  approaching  thsir  goal,  the  grestsr  the  limitations 
}08ed  on  radar  range.  In  order,  nevertheless,  to  detect  enemy  air 
gets  promptly,  to  recognize  these,  and  to  forwam  the  ships,  special 
ps  and  aircraft  are  set  up  for  purposes  of  distant  early  warning,  1* 

,  the  so-called  radar  outposts. 
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Radar -equipped  aircraft  are  In  a  position  to  keep  a  lan'e  area  un 
der  observation  and  contribute  to  a  significant  expansion  of  the  time 
between  the  detection  of  the  target  and  the  actual  attack.  The  radar 
outposts  must  be  set  up  so  far  in  advance  of  the  site  being  protected 
that  on  the  one  hand  the  ships  can  be  warned  in  sufficient  time  to  pre 
pare  their  defense  operations  and  on  the  other  hand  to  provide  suffi¬ 
cient  time  for  the  launching  of  the  interceptors  and  to  be  available 
for  the  guidance  of  these  aircraft  to  the  target. 


Pig*  36.  Aerial -target  detection 
range.  1)  Firing  zone. 


The  required  detection  range  Is  calculated  on  the  basis  of  the 
following  formula: 

p  «  Vg  •  I  -f  <  |m|; 

Is  the  velocity  of  the  target  [m/8eo]|  t  Is  the  time  required  In  or 
der  to  prepare  the  defense  facilities  of  the  ships  (In  seconds)  [sec]; 
d  Is  the  horizontal  range  for  the  given  caliber  as  a  function  of  targw 
altitude  [n]« 

The  time  t  is  ooeH^osed  of  the  following  periods  of  time  (Fig.  36) 
is  the  time  required  for  the  preparation  of  air-defense  fa- 

cllltlesj 

tg  is  the  time  required  for  the  readying  of  the  first  salvoj 

t^  Is  the  flight  time  required  In  order  to  cover  the  over-all 
range. 

On  the  basis  of  information  contained  In  the  foreign  press^  ap¬ 
proximately  ^e  minute  Is  required  for  the  launching  of  an  anti-air¬ 
craft  rocket  and  for  the  preparation  of  the  necessary  materials*  Ap- 
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proxlmately  30  secoids  are  needed  for  the  preparation  prior  to  firlf^# 
and  30  seconds  is  the  flight  time. 

Since  the  situation  in  the  air  undergoes  extremely  rapid  change* 
the  guidance  of  the  forces  and  air-defenses  facilities  (on  board  as 
well)  must  be  automated.  Until  very  recently  a  large  number  of  obser¬ 
ver  and  signal  personnel  were  required  for  the  transmission  of  informa¬ 
tion  and  commands.  The  present  level  of  development  for  electronic 
units  makes  it  possible  to  automate  many  parts  of  the  process,  thus 
achieving  considerable  savings  In  time  and  labor.  The  over-all  process 
of  target  observation  and  recognition,  the  evaluation  of  the  aerial 
situation,  and  the  transmission  of  corresponding  initial  data  and  In- 
fozmiatlon  to  the  air-defense  facilities  can  today  be  completely  automa¬ 
ted. 

Alert  stages  are  set  up  in  order  to  maintain  continuous  combat 
readiness.  Depending  on  the  alert  ordez^ed*  the  action  stations  are 
manned  either  completely  or  in  pert.  During  the  course  of  normal  dally 
duties*  of  course  only  a  portion  of  the  available  personnel  and  facil¬ 
ities  SI'S  available  for  taaedlata  ocBMtncanant  of  fire.  For  this  reason* 
the  rapid  manning  of  all  aotion  atatlons  In  raaponae  to  the  appropriate 
signal  Is  of  groat  laportaiioo  In  order  to  malto  the  ship  completely 
ready  for  air  dtfonao  In  tho  ahortoot  poaalble  period  of  time. 

The  expansion  of  the  rftngi  for  alr«dafonae  faolllttes  led  to  a 
ohanga  In  the  altitudes  at  idileh  air  waapona  can  be  employed.  Until 
very  recently  tho  maximum  altitude  eaillngs  for  tho  utlllsatl<»i  of  air 
ccsnbat  faoilitlas  wort  regarded  as  affaotlva*  whereas  at  the  present 
time  the  minimum  altitude  eolllnga  are  regarded  as  the  most  effective 
altitudes  of  operatlcm  for  air-combat  facilities*  since  in  this  manner 
the  detection  of  targets  Is  hindered  and  thus  the  Interception  and  des¬ 
truction  of  such  targets  Is  made  more  difficult* 
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By  means  of  preparatory  strikes  against  enemy  rocket  launching 
sites,  airfields,  and  carrier  facilities  It  should  become  possible  very 
rapidly  to  attain  air  superiority  and  thus  to  ensure  favorable  condl- 
tiais  for  air  defense.  It  Is  the  primary  responsibility  of  the  air 
force  In  this  case  to  sink  ships  mounting  rockets  and  aircraft  carriers, 
whereas  the  responsibility  of  the  pursuit -aircraft  forces  is  defined 
particularly  as  the  destruction  of  such  enemy  aircraft  as  are  equipped 
with  rockets. 

The  military  specialists  in  the 
West  are  of  the  opinion  that  rocket - 
equipped  surface  vessels  and  submarines 
can  contribute  significantly  to  the  at¬ 
tainment  of  air  superiority  by  directing 
their  strikes  against  rocket -carrying 
vessels  and  aircraft  carriers. 

In  addition  to  the  extensive  util¬ 
ization  of  active  air-defense  facilities, 
the  suooeaa  of  the  enemy  air  force  can 
be  •l^aifioftntly  diminished  by  maintain¬ 
ing  the  zeoreoy  of  transport  operations, 
by  taking  camouflage  Into  consideration, 
and  by  ohooalng  an  appropriate  format Ion 
for  the  voyage.  As  a  rule,  ships  assume 
a  fornatlcm  which  precludes  success  on 
the  part  of  an  enemy  air  attack*  Thia  formation  Is  based  on  the  attempt 
to  make  certain  that  a  single  stick  of  bombs  cannot  strike  more  than  2 
ships  simultaneously,  while  still  maintaining  the  capacity  to  provide 
mutual  protection  through  multiple  antl-elrcraft  fire,  and  without  neg¬ 
lecting  the  conditions  of  360®  observation. 


1 
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Fig*  37*  Possible  vemlefia 
of  combat  deploymant  lanwf 
alr-defenae  ooiMtitiM*  iK 
Aircraft -mdar  oot{|iiti|  g) 
pursuit  .mlronift  emetive 
zone)  3)  ahlp-radar  oatfoatt 
4)  distant  defenae  aonai  S) 
proximity  defenae  sonei  6) 
firing  eeotore  of  security 
ships. 
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The  combat  deployment  should  be  such  that  the  security  ships  clr» 
cling  around  the  object  to  be  protected  form  /ones  of  near  and  distant 
defense  (Figs.  36  and  37). 

The  purpose  of  the  near-defense  zone  Is  to  defend  against  enemy 
aerial  targets  that  seek  to  attack  the  ships  at  great  distances.  For 
this  purpose  interceptors  and  anti-aircraft  rockets  are  used.  It  Is  the 
function  to  the  near-defehse  zone  fo  destroy  penetrating  enemy  rockets 
and  aircraft.  Anti-aircraft  rockets  and  conventional  anti-aircraft  wea¬ 
pons  are  used  for  this  purpose  as  well. 

Depending  on  the  organization  of  the  combat  deployment,  a  distant 
observation  zone  is  set  up,  as  well  as  a  3^0*^  observation  zone  for  each 
Individual  ship.  The  security  ships,  in  addition  to  the  360°  observa¬ 
tion,  also  set  up  a  reinforced  observation  procedure  In  the  established 
firing  sector  for  each  given  ship.  The  firing  sectors  of  the  adjacent 
security  ships  overlap  and  thus  provide  defense  against  enemy  aerial 
targets  which  arc  approaching  from  all  directions  through  multiple  an¬ 
ti-aircraft  fire.  The  ahlpa  for  which  security  Is  being  provided  also 
set  up  a  360^  observation  prootthira* 

.Should  it  bo  likoly  that  Uio  onaay  it  uaing  nuclear  weapons,  the 
ships  are  noved  apart  in  the  fenMtion  in  order  to  preclude  the  simul¬ 
taneous  sinking  of  2  shipa  with  a  single  nuclear  charge.  Nevertheless, 
In  this  situation  the  possibility  of  sMissed  fire  should  still  be  main¬ 
tained. 

Since  the  eneny  air  foree  is  In  a  position  very  rapidly  and  with 
fewer  losses  than  its  fleet  to  attack  bases  and  ports.  It  beccwnes  nec¬ 
essary  to  Implement  a  number  of  measures  In  order  to  provide  secure 
defense  of  the  ships  in  the  bases.  The  moorings  In  the  bases  must  be 
covered  so  as  to  ensure  the  most  advantageous  deplt^ment  of  the  air-de¬ 
fense  facilities  of  the  ships  and  to  preclude  the  simultaneous  damaging 


of  several  ships  with  a  rocket  or*  ollck  o!‘  bomb.,;. 

The  coordinated  action  of  air-defense  facilities  aboard  ships  and 
at  the  bases  must  also  be  set  up  in  a  precisely  or'f=;anlzod  fashion*  As 
enemy  rockets  or  aircraft  approach  a  base,  interceptors  are  I'irst  sent 
Into  action  to  destroy  these  with  conventional  on-board  weapons  or 
rockets  of  the  alr-to-air  class.  If  the  enemy  air  targets  have  penetra¬ 
ted  through  the  Interceptor  zone,  anti-aircraft  rockets  are  used 
against  the  enemy.  The  anti-aircraft  rockets  exhibl*  a  relatively  high 
probability  of  hit;  the  on-board  explosive  Is  adequate  for  total  des¬ 
truction  of  an  aircraft.  The  primary  drawback  of  the  ant  I -alrcraf t 
rockets  Involves  the  impossibility  of  simultaneously  guidinj  a  lai‘ge 
number  of  anti-aircraft  rockets  from  a  single  guidance  station.  It  Is 
therefore  po.sslble.  In  the  case  of  a  massed  attack  In  •.’hlch  the  r.umte.-.’ 
of  enemy  aircraft  exceeds  the  simultaneously  launched  number  of  anti¬ 
aircraft  rockets,  that  a  number  of  aircraft  will  reach  the  deslreJ  tar- 
Sut. 

It  Is  also  not  out  of  the  qusatl<^  t.hat  the  aerial  targets  will  to 
Intercepted  too  late  <a*  not  at  all  and  that  the  fire  directed  at  these 
aerial  target!  with  the  antl^iiiropaft  jposkota  failed  in  its  purpose.  In 
thia  oaae  the  full  dafanao  on  tne  anti-airc’aft  ariiiio  'y. 

The  proviouely  aonaidovod  •|v#<ltfai^a  organliatlon  for  ships  .at  iva  an  1 
In  bases  does  noti  In  ttM  t|l^ion  of  waa tarn  specialists, completely  en¬ 
sure  the  saoiira  dafonae  of  the  potential  targotj,  particular!/  if  tn. 
afjrlal  targets  are  moving  at  aitperaoalc  velocli-les.  For  t.jen<*  rjasons 
i<.  Is  recommended  to  provide  for  In  to  rf. ireuca  wl-h  the  one:iy  guidance 
systems  and  to  secure  antimissile  mlsailes. 

Interference  with  guidance  systems  is  achieved  by  means  of  radio 
jammrs  aboard  the  ships  and  aircraft  or  housed  in  defensive  rockets. 

Of  course,  passive  interference  s^ans  may  also  be  employed,  i*e.,  metal 
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foil  ejected  from  aircraft,  paint  coatings  that  reduce  the  reflection 
properties,  and  angled  reflectors  exhibiting  high  reflecting  power. 

Ejected  metal  foil  forms  a  natural  impediment  to  the  propagating 
electromagnetic  waves  and  can,  in  this  manner,  affect  a  portion  of  the 
guidance  system. 

The  angle  reflectors  which  are  set  up  in  the  vicinity  of  the  site: 
being  protected  form  decoy  targets  v/hlch  serve  the  function  of  misdi¬ 
recting  the  rockets  from  their  actual  targets. 

In  addition,  artificially  produced  pressure  v/aves  can  cause  dama'^r 
to  individual  instruments  of  the  guidance  systems  and  thus  lead  to  a 
deflection  of  the  rockets  from  their  preset  flight  trajectories. 

The  problem  of  combating  ballistic  rockets  is  particularly  diffi¬ 
cult,  In  the  opinion  of  American  specialists,  this  problem  is  composed 
of  the  following;  the  acquisition,  interception,  and  the  destruction  oi 
the  ba.illstlc  rocket. 

V/hlle  operations  against  targets  flying  at  subsonic  velocities 
were  possible  despite  great  difficulties,  defense  against  ballistic 
rockets  poses  many  more  difficult  problems.  In  the  opinion  of  western 
naval  experts  and  on  the  basis  of  Information  in  the  press,  the  problem 
of  operating  against  supersonic  rockets  has  not  been  completely  solved, 
since  the  acquisition  of  such  targets  is  particularly  difficult.  This 
difficulty  is  explained  by  the  circumstance  that  the  relative  approacn 
velocity  between  target  and  anti-aircraft  rocket  is  extremely  great  and 
as  a  result  the  over-all  process  of  guiding  the  anti -aircraft  rocket 
toward  the  target  must  be  automated. 

Another  problem  that  r..^st  be  resolved  involves  the  timely  detona¬ 
tion  of  the  demolition  charge  of  the  anti-aircraft  rocket.  The  existing 
radar  fuses  do  not  always  provide  detonation  at  the  desired  time.  For 
this  reason  it  may  occur  that  the  attacking  target  can  penetrate  the 
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Fig.  Possible  zone  of  balllc- 

tic-rocket  Interception,  l)  Inside 
boundary  (30  km);  2)  interceptlcr, 
zone;  3)  outside  boundary  (800  kn); 

4)  800  km  tra  ’ectory;  8)  3200  km 
trajectory;  c)  l600  kin  trajectory. 

detonation  zone  o^"  the  anti-aircraft  rocket  in  advance-  of  the  detona¬ 
tion  of  the  latter. 

Despite  the  great  difficulties  associated  with  the  execution  of 
guidance  systems  and  fuses  for  antl-alrdraft  rockets,  much  work  is 
being  done  abroad  on  the  design  of  defensive  measures  against  rockets. 
The  "antimissile  missiles"  have  been  built  as  the  primary  means  of  de¬ 
fense  against  ballistic  rockets,  these  mlpcilea  exhibiting  extraordin¬ 
arily  good  tactical  flight  characterletlcs.  However,  readily  deployable 
rockets  of  this  type  are  available  only  to  the  Soviet  Union,  which  nas 
solved  the  problem  of  rocket  defense. 

The  utilisation  of  antlalstlix  mlsslla#  first  of  all,  a 

reliable  distant  detection  system.  In  the  opinion  of  iWBStern  experts 
the  detection  stations  and  antlmlBBlle-mlssilot  Must  sxniblt  flight  en¬ 
gineering  characteristics  permitting  the  detection  and  dastiHietlcxi  oV 
Intercontinental  rockets  approaching  at  ranges  In  excess  of  1!^  Im,  at 
fll^t  velocities  of  up  to  7  km/sec  and  at  altitudes  as  hl^  as  kn. 

The  direction-finder  stations  in  the  distant  detection  sybteai  nust 
oe  connected  tw  electronic  eexoputers  ir.  order  to  calculate  the  trejec* 
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tories  of  the  ballistic  rockets  and  to  determine  their  points  of  impac 
in  sufficient  time.  The  values  determined  in  this  manner  are  then 
transmitted  to  the  antlmlsslle-misslle  guidance  stations. 

The  last  7OO-80O  km  of  the  flight  trajectory  of  a  ballistic  rocke* 
must  be  monitored  with  exti-eme  care,  since  random  or  predetermined  de¬ 
viations  may  occur  during  this  phase.  The  above-mentioned  segment  of 
the  trajectory  Is  regarded  by  western  experts  as  the  extreme  limit  of 
the  acquisition  zone  for  ballistic  rockets.  The  inside  boundary  of  .he 
acquisition  zone  is  defined  by  the  minimum  distance  and  altitude  at 
which  the  detonation  of  a  nuclear  charge  cannot  damage  the  site  being 
protected.  One  generally  assumes  figures  of  around  80  km,  with  the  ef¬ 
fective  range  of  a  nuclear  warhead  generally  assumed  as  30  km.  Proceed¬ 
ing  from  this,  the  antlmlaslle-mlaslles  must  exnlblt  a  range  of  120  to 
160  km  (Fig.  38)* 


The  analysis  of  the  combat  characteristics  of  ballistic  rockets 
which  have  been  made  operational  or  are  soon  to  become  operatlcaaal  in 
various  countries  leads  to  the  conclusion  that  the  launching  of  an  an- 
tlmlsslle-mlsslle  and  the  guidance  of  this  missile  to  the  target  cannot 
be  permitted  to  Involve  a  period  of  time  longer  than  a  single  minute, 
since  otherwise  destruction  becomes  Impossible. 

The  antlmlsslle-mlsslles  are  designed  as  multistage  rockets.  Each 
antimissile -missile  may  weigh  as  much  as  3  Np  and  I0  fitted  out 

with  special  control  and  guidance  units. 

According  to  Information  contained  in  the  western  press  the  engine 
must  develop  the  required  thrust  within  a  period  of  60  seconds  during 
the  powered  phase  of  the  antimissile-trajectory  (137  km),  with  the  last 
stage  weighing  only  45  kp  [sic].  The  contruction  of  the  antimissile- 
missile  BHASt  be  capable  of  withstanding  a  Q  force  of  lOO  §  tumtlHI 
radius  of  38  km  «iid  an  angular  velocity  of 

^9S  • 


Nuclear  charges  with  a  TNT  equivalent  of  ?0  kllot<prc:  have  been 
proposed  for  the  destruction  of  Intel-continental  rockets.  Thlo  charge 
should  be  sufficient  to  datrajic'  a  ballistic  rocket  at  a  ulstance  of  300 
meters.  On  the  other  hand,  antlmlsslle-mlsslles  with  nuclear  charges  o: 
20  Megatons  ensure  the  destruction  of  ballistic  rockets,  the  permissi¬ 
ble  error  in  this  case  as  high  as  5  km.  Because  of  the  limited  dimen¬ 
sions  and  welglit  of  the  last  stage,  the  utilization  of  nuclear  warheads 
is  highly  unlikely. 

The  antimissiles  developed  in  America  include  the  IJlke-Zcus  and 
1/izard  types.  The  Nlke-Zeus  antimissile-missile  is  currc.-.t;!  -  the 
perfect  development  of  tne  Nike -Hercules  antimissile-alrci'aft  rocket. 

We  can  see  from  the  available  foreign  press  that  ti:ie  Nike -Zeus  antlmlr  - 
slle-misslle  Is  a  three  stage  rocket.  The  second  stage  is  powered  by  a 
llquld-fueleu  engine,  whereas  the  launch  Is  achieved  the  mc-an.c  of  a 
solid  engine.  The  liquid  engine  Is  glmbal  mounted  and  control  is 
achieved  through  Jet  vanes.  The  third  stage,  which  includes  the  warhead 
and  the  homing  device,  is  also  powered  by  a  solid  engine,  as  it  the 
first  stage.  The  range  of  this  antimissile -miss  lie  amounts  to  aopi'oxl- 
mately  320  km. 

The  antimissile -missiles  can  be  provided  with  both  conventional 
and  nuclear  warheads  for  the  destruction  of  ballistic  rockets.  The  ve¬ 
locity  of  the  antimissile-missiles  is  given  as  1100  m/seo.  OoRntand 
guidance  is  preferred  as  the  guidance  system.  Proposals  have  been  made 
to  use  infrared  homing  devices,  since  ballistic  rockets  fly  virtual  ly 
boyond  the  atmosphere  and  thus  offer  an  excellent  heat  contrast. 

In  the  cate  of  :  Wizard  antimissile -missile  wo  are  dealing  with 

a  single-stage  solid -propellant  rocket  exhibiting  a  flight  range  of  ap¬ 
proximately  160c  km.  Boosters  have  been  developed  for  these  rockets  to 
make  poaslblo  the  interception  of  ballistic  rockets  at  altitudes  of  up 
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to  80C  km.  A  nuclear  charge  can  be  housed  In  the  warhead  of  the  Wlza 
antlmlsslle-mlsstle.  This  rocket  Is  used  with  n.  extremely  compllcat' 
remote -control  system.  An  Infrared  homing  head  Is  provided  for  the  t' 
mlnal  phase  of  the  flight  of  this  rocket. 

In  the  United  States  work  Is  proceeding  on  several  versions  foi 
the  deployment  of  Nike -Zeus  type  rockets.  The  system  Intended  for  ro 
et  defense  makes  up  the  main  version.  This  system  encompasses  three 
dar-unlt  types  (early -;arrlng  systems,  recognition  units,  and  target 
track  radar  units)  as  well  as  a  certain  number  of  batteries  for  the 
launching  of  the  antimissile -missiles.. 

The  distant  early-warning  radar  units  are  switched  on  after  re¬ 
ceipt  of  certain  signals  and  emit  continuously  In  the  direction  of  d 
ger  over  a  range  of  l600  km.  After  acquisition  of  the  target  has  be*' 
completed,  2  stations  pick  up  the  target.  These  stations  track  the  t 
get  and  carry  out  recognition,  determine  the  target  coordinates,  and 
compute  the  nature  of  the  trajectory.  The  range  of  these  stations  maj 
reach  to  1000  km.  Each  identification  unit  Is  connected  to  ^  batterlc 
of  Nlke-Zeus  antlmlsslle-mlsslles.  Two  (2)  tz'acklng  radars  a^e  indue 
In  each  antimissile -missile  battery,  and  the  range  of  these  units  con 
to  approximately  320  km.  One  of  these  units  track  the  approaching  tax 
get,  whereas  the  other  unit  tracks  the  Nlke-Zeus  antlmlsBlle-miaalle 
launched  for  defense  toward  the  target.  The  computed  data  of  the  two 
units  art  then  fed  to  electronic  computers  which  issue  the  required 
guidance  commands  to  the  rockets.  It  la  clear  that  little  tine  can  be 
spent  on  control  operations  prior  to  the  launch,  and  for  this  reason 
the  antlmlsslle-mlsslles  must  at  all  times  be  ret.dy  for  action.  T'.ey 
are  always  stored  In  vertical  position  at  the  batteries  and  sniat  eon* 
stantly  be  ready  for  Irunchlng. 

The  fuaribev  of  hatteriea  that  are  employed  for  the  defense  of  • 
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given  object  Is  a  function  of  the  nature  of  said  object.  In  the  oplnl 
of  western  experts,  the  batteries  must  be  constructed  so  that  regard¬ 
less  of  what  Is  happening  on  the  outside  they  can  be  utilized,  even  1 
the  surrounding  area  has  been  totally  destroyed.  This  requirement  can 
be  satisfied  only  If  the  batteries  are  built  deep  underground. 

The  Wizard  system  exhibits  a  number  of  advantages  with  respect  t 
the  Nlke-Zeus  system,  because  It  can  be  employed  against  ballistic 
rockets  executing  evasive  maneuvers.  In  recent  times  It  has  become  t. 
practice  to  speak  of  yet  another  system  that  Is  Intended  for-  utiliza¬ 
tion  against  antlmlsslle-mlsslles  and  this  system  Is  Known  as  the 
system.  This  system  relies  heavily  on  the  Nlke-Zeus  system,  although 
Is  considerably  more  maneuverable  and  better  deployable  from  the  open 
tlonal  standpoint,  particularly  for  tho  defense  of  Individual  objects 
under  field  conditions.  In  addition,  the  Plato  system  works  out  the  ^ 
Itlal  data  more  rapidly  than  does  the  Nlke-Zeus  system. 

The  Individual  units  for  the  Plato  system,  the  electronic  equip¬ 
ment,  the  antennas,  and  the  launching  ramps  are  mounted  on  motorized 
vehicles.  The  guidance  Is  achieved  by  means  of  corresponding  commands. 

It  is  to  be  assumed  that  In  the  future  a  similar  system  for  antl- 
mlBSlle-mlsslles  will  also  be  developed  for  ships. 

American  specialists  ->.re  of  the  opinion  that  the  hit  probability 
for  the  Nlke-Zeus  and  Wizard  antlmlsslle-mlsslles  amounts  to  approxi¬ 
mately  25  percent.  From  the  standpoint  of  certainty*  It  Is  calculated 
that  from  10  to  20  antimissile -missiles  are  required  for  the  destruc¬ 
tion  of  a  single  ballistic  rocket.  Work  is  also  being  done  in  the  Unit 
ed  States  on  a  new  defense  against  intercontinental  ballistic  rockets. 
Attempts  are  being  made  to  emit  bundles  of  fast  neutrons,  e.g»*  et  tiHl 
detonation  of  a  nuclear  weapon  in  outer  space.  It  is  the  ^inlfitt 
American  specialists  that  it  is  possit  i&  for  these  bundles  of  AiitlWii 
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to  produce  a  chain  reaction  In  the  nuclear  charges  of  rockets  and  thus 
to  achieve  a  nreinature  detonation,  before  the  rocket  can  endanger  the 
target. 

An  altitude  of  150  km  has  been  proposed  as  the  minimum  altltuae  at 
which  warheads  with  nuclear  charges  can  be  detonated.  The  Idea  of  using 
a  bundle  of  neutrons  thus  Involves  the  filling  of  a  part  of  outer  space 
with  Infinitely  small  "detonators. " 


CONCLUSION 

The  descriptions  presented  here  make  c]  a."  'u  the  reader  the  prob¬ 
lems  Involved  in  the  air  defense  aboai-d  ships.  It  must  be  underscored 
that  only  precise  organization  and  faultiess  cooperation  among  all  per¬ 
sonnel  can  ensure  the  successful  utilization  of  air-defense  facilities. 
The  failure  to  meet  these  requirements  on  the  part  of  only  a  single 
crew  member  can  result  In  serious  losses.  Considering  the  fact  that 
aircraft  today  develop  velocities  in  excess  of  oOO  m/sec,  the  reponslt- 


Fig.  39.  Air  defense  of  the  National  Peoples  the  Oertnan  Demc- 

oratlo  Republic.  The  /Unerloan  spy#  Powers.  waS  <lewn  with  a  rocket 

of  this  type.  Similar  rockets  are  also  being  used  aboard  soviet  ships. 

illty  of  the  radar  crews  becoiMS  evident  from  this  fact  alone.  Success 
In  combat  is  literally  a  matter  of  seconds.  Delay  in  coemencemert  of 
fire  can,  under  certain  circumstances,  result  in  the  loss  of  the  entire 
ship.  It  Is  Important  therefore  that  techniques  are  thoroughly  iwiftered 
because  only  In  this  manner  is  high  action  readiness  ensured.  The  crews 
must  be  capable  of  employing  their  techniques  under  difficult  o<mdi* 
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tlons.  To  accomplish  this  It  is  necessary  that  training  be  organized 
and  carried  out  under  realistic  conditions  during  peacetime.  Excellent 
results  in  combat  training  are^  after  all,  the  foundation  for  succesa 
in  any  future  battle. 

The  extensive  and  multipurpose  equipment  available  to  a  ship  de- 
bands  high  technical  skills  on  the  part  of  all  members  of  the  crew, 
since  the  higher  these  qualifications,  the  fewer  the  number  of  techni¬ 
cal  breakdowns  and  disruptions.  Of  course,  technical  know-how  alone  is 
not  enough  in  order  to  be  able  to  use  the  weapons  successfully.  The 
tactical  principles  of  deployment  on  the  part  of  the  enemy  must  also  bt 
well  known  in  order  to  achieve  victory  in  battle.  The  storage  and  mair- 
tenance  of  combat  equipment  is  of  great  significance.  Weapons  and  In¬ 
struments  that  have  been  properly  cared  for  are  less  subject  to  disrup¬ 
tions  and  contribute  to  the  maintenance  of  the  continuous  combat  read 
ness.  The  requirements  Imposed  on  pursuit  pilots  and  anti-aircraft  ar¬ 
tillery  men  in  the  air-defense  system  are  high.  The  pilots  must  be  cap¬ 
able  of  operating  at  great  altitudes  and  to  deal  securely  with  diffi¬ 
cult  meteorological  conditions.  It  is  not  an  easy  task  to  detect  the 
targets  promptly  and  to  destroy  them.  Flight  over  water  Involves  a  num¬ 
ber  of  features  for  the  pursuit  pilots  with  which  they  must  be  thor- 
roughly  familiar.  The  anti-aircraft  artillerymen  must  be  thoroughly 
trained  in  their  coordination  with  the  pursuit -elroraft  foj?oee.  Their 
primary  assignment  involves  the  successful  combating  of  a  given  target 
with  the  first  salvo.  Day  and  ni»jrht,  thev  mupf  not  neglect  their  guard 
watches.  In  conclusion.  It  should  be  pointed  out  once  again  that  the 
requirement  of  continuous  maintenance  of  combat  and  deployment  readi¬ 
ness  can  only  be  achieved,  when  all  members  of  the  crews  show  high  poli¬ 
tical-moral  characteristics,  are  true  to  the  Fatherland,  truat  in  their 
equipment,  ecmstantly  aeait  to  achieve  outstaiuling  training  results,  and 
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always  execute  asslgni.entc  rapidly  and  with  dlcclpllno. 


$,  ship  of  tin  Hoplss  llftvy. 
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SZSTRZBUTION  LIST 

i  i  I  ' 

ivaaiBiT  OF  mitt  nr.  oopit*  hajor  azi  gomuhs  m.  c 


HEADQUARTERS  USAF 

ARL  (ARB)  1 


DDC 

20 

AFSC 

SCFDD 

1 

TDBDP 

1  2 

'  TDBTL 

5 

TDGS 

1 

TDEWA 

1 

TOFA 

SSO  (SSPAR) 

? 

OTHER  AGENCIES 


AEG 

ARMY  (F3TC) 

ATD 

CIA 

OIA 

NAFEC 

NASA  urn^) 

NAVY 

NSA 

OAR 

OTS 


PWS 


PQI  (StMnian) 
HOOOI  (tte— don) 
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